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TDM  Seif-l’ropelled  ('arrier  has 
U-Bar  construction  which  p>ermits 
drilling  true  vertical  holes  on 
rugged  terrain.  Wide  crawler  pads 
and  long  ground  contact  give  ex¬ 
ceptional  stability. 


Stable  and  Powerful! 

THEM  450 ROTATION  DRILL 


The  new  Joy  450  Dual  Rotation  Drill  mounted  on  the  sturdy  Joy  TDM  self- 
propelled  carrier  is  the  modern  way  to  mass  produce  blast  holes  economically. 
The  450-DR  drill  is  the  newest  and  fastest  thing  in  percussion  drills.  A  power¬ 
ful  air  motor,  geared  to  the  chuck,  gives  hammer-free  rotation  for  steel  chang¬ 
ing,  and  assists  rifle  bar  rotation  when  the  drilling  gets  tough.  It  can  bottom 
holes  that  other  drills  can’t  finish  -and  save  you  money. 

U-Bar  feed  mounting  on  the  TDM  carrier  provides  the  most  stable  arrange¬ 
ment  possible  for  productive  drilling,  and  is  versatile  enough  to  drill  holes  at 
practically  any  angle.  Fast  tramming  and  instant  response  to  the  completely 
automatic  controls  enable  the  TDM  to  move  quickly,  and  set  up  fast. 

Among  ”  bore  machines,  the  TDM  mounted  450-DR  drill  is  unbeatable 
in  speed,  power,  and  maneuverability.  Competitive  tests  have  proven  it.  For 
complete  information,  write  for  Bulletin  1018-5. 


M  JOY  CONSTRUCTION  EQUIPMENT  IS  SOLD  AND 
V  SERVICED  BY  THE  JOY  DISTRIBUTOR  IN  YOUR  AREA 

Joy  Manufacturing  Company 
Olivor  Building,  Pittsburgh  22,  Pa. 

In  Canada:  Joy  Manufacturing  Company 
(Canada)  Limited,  Galt,  Ontario 


T 

Portable 

Tungsten  Carbide 

Hand-Held 

Compressors 

Tree  Drills 

Rock  Bits 

Rock  Drills 

THE 

EXPLOSIVES 

ENGINEER 

RCfi.  U.5.  fAT.  OFf. 

Forerunner  of  Progress  in 
Mining,  Quarrying,  Construction 

In  this  day  and  age  of  towering  skyscrapers,  multimile 
tunnels,  and  gigantic  hydroelectric  dams,  it  takes  an  ex- 
traordinaiy'  engineering  and  construction  project  to  stir  up 
more  than  a  normal  amount  of  interest  in  the  circles  fre- 
<|uented  by  the  Moles  and  the  Beavers.  There  is  just  such 
a  project— the  Glen  C^anyon  Dam  in  Arizona— now  about 
midway  to  completion. 

In  its  immensity,  the  Glen  Ganvon  project  is  a  job  that 
staggers  even  the  most  imaginative  person;  the  complexity 
of  the  many  technical  problems  encountered  tests  the  engi¬ 
neering  skill  and  practical  know-how  of  the  most  experi¬ 
enced  contractor. 

An  indication  of  the  size  and  difficulty  of  this  job  is  the 
amount  of  preliminary  construction  work  necessary'  before 
engineers,  surveyors,  and  prospective  bidders  c-ould  visit 
the  job  site.  Located  miles  from  the  nearest  habitation,  the 
site  of  the  Cden  Ganvon  Dam  is  in  a  lonely  area  of  Navajo 
country'  whose  only  (K-cupants  were  the  Indians  and  their 
herds  of  sheep  and  goats.  Roads,  airplane-landing  strips, 
bridges,  and  other  facilities  had  to  be  built  at  a  cost  of 
several  million  dollars  to  make  this  area  accessible. 

The  job  itself  can  be  described  only  by  superlative:  It  is 
the  largest  single  contract  ever  let  by  the  U.  S.  Bureau  of 
Reclamation,  a  bureau  that  has  let  some  mighty  big  con¬ 
tracts  in  the  last  few  decades;  it  is  possibly  the  largest  job 
going  on  in  the  yvorld  totlay;  and  the  prime  contractor— 
-Merritt-Ghapman  &  Scott  of  New  Y'ork  C'itv  — is  observing 
its  l(X)th  anniversary’  this  year. 

One  of  Lewis  Nordyke’s  last  assignments  for  Thk  Exi’i.o- 
siVKS  E.Nca.NKEK  before  his  recent  sudden  death  was  to  vi.sit 
the  Glen  Ganyon  Dam  project  and  to  describe  in  his  clear 
and  interesting  yvay  not  only  the  scope  and  technical  as¬ 
pects,  but  also  his  impressions  of  this  tremendous  under- 
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Mining  Lithium  at  Kings  Mountain 

in  North  Carolina .  148 

By  Neil  O.  Johnson 

Views  and  opinions  expressed  by  the  authors  of  articles  in  this  publication 
are  their  own,  and  they  do  not  necessarily  represent  those  of  the  publisher. 


taking.  His  article,  “The  Great  Glen  Canyon  Dam  Project,” 
starting  on  page  1.35,  proves  that  he  fulfilled  this  assignment 
yvith  his  usual  skill. 

W  hile  on  the  subject  of  Glen  Canyon  Dam,  we  feel  it 
only  proper  to  thank  the  U.  S.  Bureau  of  Reclamation  for 
the  fine  storytelling  and  dramatic  photographs  it  supplied 
for  illustrating  the  article.  Our  difficulty  was  not  in  finding 
enough  photographs  for  our  use  but  in  making  a  selection 
from  the  hundreds  of  excellent  photos  available. 

W'e  are  most  grateful  for  the  cooperation  of  the  Bureau 
and  happv  to  say:  “Photos,  courtesy  of  the  U.  S.  Bureau 
of  Reclamation.” 

«  O  O 

The  expression  “Thar’s  gold  in  them  thar  hills”  does  not 
apply  to  Kings  Mountain  in  North  Carolina;  but  the  Foote 
Mineral  Company,  yvhich  operates  an  open-pit  mine  in 
this  area,  isn’t  the  least  bit  concerned  about  the  lack  of  this 
precious  material.  This  85-year-old  company  is  taking  out 
a  metal,  lithium,  that  has  an  ever-expanding  use  in  industry-, 
and  neyv'  applications  are  being  found  for  the  bv-products 
of  this  operation. 

The  Kings  Mountain  area  is  one  of  the  feyv  sections,  and 
perhaps  the  most  important,  in  the  United  States  endoyved 
by  nature  yvith  pegmatites  containing  lithium  ore.  How- 
ey’er,  some  diflBculties  yvere  encountered  in  mining,  and  a 
selective  system  yvas  devised  to  remove  the  ore  and  the 
yvaste  material. 

Neil  O.  Johnson,  manager  of  FiMite’s  operations  at  Kings 
.Mountain,  presents  an  informative  article  on  the  drilling 
and  blasting  procedures  used  at  this  property.  The  article 
starts  on  page  148  and,  in  addition  to  its  technical  value, 
relates  some  interesting  historical  high  lights  of  the  locale, 
and  describes  some  of  the  end  uses  of  the  unusual  material 
mined  there. 
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Drill  hard  rock  faster 
with  your  rotary  rig 
and  the 

GARDNER-DENVER 
“MOLE-DRIL 


77® 


Now— add  new  versatility  to  your  rotary 
drilling  rig  with  the  Gardner-Denver 
"MOLE-DRIL”*  in  three  sizes:  AM4  (4" 
dia.),  AMS  (5*  dia.)  and  AM6  (6'  dia.). 

Add  new  power  for  fast  hard-rock  drilling 
with  the  heavy-duty,  percussion-type 
"MOLE-DRIL.”  It  screws  directly  onto 
your  drill  pipe  .  .  .  works  at  the  bottom  of 
the  hole  right  at  the  rock  face.  There’s  no 
power-draining  rod  between  the  hammer  and 
the  bit. 

ONLY  3  MOVING  PARTS 

Rugged  construction  cuts  down  time.  Simple 
design  reduces  wear  and  trouble.  Only  three 
moving  parts:  valve,  hammer  and  tappet. 
Compare  these  Gardner-Denver  "MOLE- 
DRIL”  features  right  down  the  line: 


FOR  FULL  DETAILS, 

WRITE  FOR  BULLETINS. 

*Trade-Mark 


BACKHEAD 


Fitted  with  posi¬ 
tive-action  check 
valve  for  drilling  in 
wet  formations. 


VALVE 


Automatic  drifter 
type;  short  stroke 
for  fast  action. 


BLOWING 
AIR  TUBE 


Delivers  high  veloc¬ 
ity  of  air  to  bot¬ 
tom  of  hole  for  quick 
cleaning. 

EXHAUST  PORTS 

Boost  chips  out  of 
the  hole. 


HAMMER 


I>arge  bearing  area 
for  minimum  wear 
on  cylinder  wall. 


TAPPET 
BUSHING 

Replaceable;  keeps 
tappet  in  line  for 
straight  hole  drill¬ 
ing. 


CYLINDER 


Clean,  simple  lines; 
carburized  for  max¬ 
imum  resistance  to 
abrasions. 


TAPPET 


14 


Bit  screws  directly 
onto  tappet  shank; 
bit  replaced  with¬ 
out  disassembling 
drill. 

BITS 


Gardner-Denver 
"Molebits”  in  sizes 
from  4%“  to  8*. 


EQUIPMENT  TODAY  FOR  THE  CHALLENGE  OF  TOMORROW 


Cardnvr-Dcnvar  Company,  Quincy,  Illinois 

in  Canada:  Gardner-Denvtr  Company  ICanadal,  Ltd.,  14  Curity  Avonuo,  Toronto  16,  Ontario 
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Mast  has  V 

travel  tpower  cone) 


s'  horixontal  drilling 
above  ground 


New  Blue  Brute  4V2'Crawler  Drill 


SLUGS  FROM  STRONGER  STANCE 


From  crawler  tread  to  striking  bar,  this 
new  414'  crawler  drill  is  designed  to  get 
5-10%  more  footage  per  drilling  dollar.  Its 
simpler  construction,  a  more  stable  plat¬ 
form  and  easier  control  get  more  uninter¬ 
rupted  footage  every  drilling  day. 

Check  out  the  all-new  Blue  Brute  4'/4- 
inch  drill.  It's  built  with  the  famous 
Worthington  valve,  the  rugged  rifle  bar, 
heat-treated  alloy-steel  bushings  at  impor¬ 
tant  wear  points,  and  special  analysis  steel 
for  extra  strength.  These  and  many  other 
proven  Worthington  features  mean  least 
air  consumption,  less  maintenance  and 
downtime. 

Look  at  the  new  Worthington  mast! 
Five-inch  channels  and  an  all-welded  as¬ 


sembly  take  full  drill  torque  with  strength 
to  spare.  And  a  more  powerful  feed  motor 
shifts  drill  up  and  back  more  quickly  for 
faster  steel  changes. 

Look  at  the  crawler  carrier!  An  auto¬ 
matic  line  oiler  is  readily  adjusted  to  lubri¬ 
cate  drill,  feed  motor,  hydraulic  pump  and 
tramming  motors.  The  latter  are  8  hp,  giv¬ 
ing  a  total  drawbar  pull  of 6,000  pounds — 
enough  to  haul  a  900'  compressor  almost 
anywhere. 

There's  better  operator  safety,  too! 
Carefully  positioned  boom  and  mast  stops 
prevent  over-balancing.  And  controls  are 
placed  for  safer  operation.  But  the  basic 
stability  of  design  permits  the  wide  range 
of  movements  shown. 


For  more  information  about  this  new 
Blue  Brute  drill,  call  your  Worthington 
rotary  compressor  distributor  listed  in  the 
yellow  pages.  Or  write  Worthington  Cor¬ 
poration,  Dept.  60-29,  Holyoke,  Mass.  In 
Canada:  Worthington  (Canada)  Ltd., 
Brantford,  Ontario. 


WORTHINGTON 
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Francis  C^amer<»n 

PRKSIDENT 

ST.  JOSKPIl  I.KAD  COMPANY 


A  Biography 

F^hwc.ts  CAMERON,  pr(‘si(h‘nt  of  St.  Joseph  Lead  Com¬ 
pany,  believes  fimily  that  the  metals  this  country  needs 
can  be  found  whenever  there  is  sufficient  demand  for 
them,  and  he  stoutiv  maintains,  “If  you  could  promise  me 
2.5  cents  a  pound  for  lead.  I’d  have  it  rtmning  out  of  your 
ears.” 

His  rt'cord  with  St.  j(H‘  indicates  this  statement  is  not 
idle  talk,  lie  has  shepherded  the  Indian  Creek  Mine  and 
the  V'iburnum  Project,  both  in  Southeastern  Missouri,  from 
the  time  the  first  drill  went  down  until  they  were  brought 
into  produetion,  and  he  hopes  to  see  the  new  Meramec 
Mine  near  Sullivan,  Missouri,  operated  jointly  with  Bethle¬ 
hem  Steel  Company,  producing  iron  ore  by  B)6.3.  St.  joe 
men  found  all  three  deposits.  In  the  Viburnum  Project, 
St.  Joe  has  enough  lead  ore  to  keep  that  area  producing 
for  many  years  to  coint*. 

This  ability  to  direct  the  use  of  the  modern  tools  of  the 
geologist,  geophysicist,  ge(K-hemist,  and  air  photographer 
in  a  successftd  effort  to  find  new  ore  bodies  for  his  company 
had  much  to  tlo  with  his  rise  to  the  presidency  of  St.  Joe. 

F'rank  (as  he  is  best  known  to  most  miners)  graduated 
from  Leland  Stanford  in  1924  with  a  B..\.  in  geology,  and 
did  .some  graduate  work  in  geology  and  mining  engineering 
there  the  following  year.  After  a  short  tour  with  the  Chief 
C'onsolidated  Mining  C'ompany  in  Utah,  and  with  Pope 
Yeatman  in  .Alaska  (from  whom  he  may  have  learned  a  few 


things  Stanford  failed  to  teach  him),  Frank  joined  .Ana¬ 
conda  as  engineer  and  geologist.  For  the  next  nineteen 
years  he  pursued  the  elusive  metals  on  four  continents,  in  a 
search  that  took  him  to  Utah,  Missouri,  Montana,  Northern 
Rhodesia,  the  Belgian  Congo,  Poland,  Yugoslavia,  Rumania, 
Canada,  Alaska,  .Mexico,  South  .America,  and  elsewhere  in 
the  Western  United  States.  Examinations  and  investiga¬ 
tions  sometimes  found  ore,  sometimes  didn’t;  and  some  were 
in  economic  situations,  some  weren’t  worth  bothering  with. 
But  beginning  in  194.5,  when  he  h'ft  .Anaconda  to  accept 
the  offer  of  the  late  Clinton  11.  Crane,  then  president  of 
St.  Joe,  to  become  assistant  to  the  executive  vice  president 
and  direct  the  company’s  mining  and  exploration  activities, 
things  began  to  happen.  Tlie  three  things  of  which  Frank 
is  proudest  are  the  finding  of  the  Indian  Creek,  Viburnum, 
and  Meramec  deposits  by  St.  Joe  men,  which  have  put  the 
company  in  an  enviable  position  in  the  mining  world. 

Frank  was  elected  a  vice  president  of  St.  Joe  a  year  after 
he  joined  the  company,  and  began  gradually  assuming  re¬ 
sponsibility  for  Southeast  Mis.souri  operations  as  well  as  the 
company’s  exploration  activities  in  other  parts  of  the  earth. 
He  was  elected  a  director  and  member  of  the  Executiv'e 
Committee  in  19.5.3,  and  president  in  February  of  this  year. 

The  new  president  of  St.  Joe  once  played  golf,  but  he 
says  he  gave  that  up  al)out  ten  years  ago  to  return  whole¬ 
heartedly  to  his  first  love,  Hy  fishing.  He  goes  after  trout, 
mostly  in  New  Brunswick,  Canada,  where  fortunately  the 
fish  are  swimming  not  far  from  the  company’s  properties, 
but  he  is  ready  to  prospect  for  trout  anywhere  the  chances 
of  finding  them  look  good.  To  meet  any  emergency,  he  has 
a  cut-down  Hy  rod  which  fits  easily  into  a  traveling  bag. 

Frank  has  not  spent  all  his  time  searching  for  lead  and 
trout.  In  M’orld  M'ar  11,  he  served  with  distinction  with  the 
Metals  Reserve  Company  in  the  superv  ision  of  the  foreign 
and  domestic  mineral  procurt'inent  program.  He  serv  ed  as 
a  member  of  the  .Advisory  Board  of  the  .Atomic  Energv’ 
Commission  on  Raw  .Materials  from  19.53  to  19.56;  was 
chairman  of  the  New  A'ork  Section  of  the  American  Insti¬ 
tute  of  .Mining,  Metallurgical,  and  Petroleum  Engineers  in 
19.54;  and  president  of  the  Society  of  Economic  Gt'ologists 
in  1956-.57.  In  addition  to  these,  he  is  a  fellow  of  the  Geo¬ 
logical  Societv'  of  America,  a  member  of  the  Mining  and 
.Metallurgical  Society  of  .America,  the  Canadian  Institute 
of  Mining  &  Metallurgy,  the  Mining  Club  of  New  York,  Uni¬ 
versity  Club  of  New  York,  Cosmos  Club  of  W’ashington, 
and  Baltusrol  Golf  Club. 

In  19.32  he  married  Louise  Lang  in  Farmington,  Mis¬ 
.souri.  Their  two  sons  have  left  the  nest  and  are  employed: 
Frank  K.  11  in  San  Francisco,  and  W  illiam  L.  in  .Arizona 
as  a  junior  geologist  with  .Anac-onda. 

Frank  and  Mrs.  Cameron  now  live  at  10  Edgevvood  Drive 
in  Summit,  New  Jersey,  dividing  their  time  between  that 
home  and  an  apartment  in  New  A’ork  City. 
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E  cl  i  t  o  rial 


tusiness  an< 


If  ever  there  w'as  a  time  wlien  the  disadvantages  of  an 
unsettled  world  political  scene  were  apparent,  this  is  it. 
The  birth  pangs  of  the  infant  Congo  nation,  the  difficulties 
in  Cuba,  and  the  continued  saber  rattling  of  the  Russians 
hold  but  little  hope  for  stability  over  the  coming  year. 

Contrarv'  to  popular  opinion,  business  and  industry’  thrive 
on  a  stable  or  a  ver\'  slowly  falling  or  rising  price  level. 
Steady  prices  make  possible  plans  and  commitments  run¬ 
ning  well  into  the  future  with  some  hope  of  an  operating 
profit.  Steady  prices  are  much  to  be  preferred  to  either 
sharplv  rising  or  falling  prices. 

To  the  businessman  or  ec-onomist  these  things  are  aca¬ 
demic  and  elementarv’,  but  the  tragedy  of  it  is  that  to  the 
general  public  they  are  far  from  elementary.  We  believe 
that  the  average  man,  even  in  this  country,  is  fully  per¬ 
suaded  to  the  view  that  any  big  jump  in  prices  means  fat 
profits  for  the  bloated  businessman.  The  public  does  not 
know  that  speculative  profits  made  from  a  fast  rise  in  prices 
often  disappear  in  the  inventory'  los.ses  brought  about  bv 
the  subsetpient  decline. 

Much  of  the  public  is  (piite  gullible  to  the  C>ommunist 
propaganda  which  paints  the  businessman  as  a  fat  pig 
stamped  with  dollar  signs  and 
wallowing  in  a  trough  of  green- 
backs.  If  only  American  business  -  ^ 

could  make  a  direct  attack  on 
this  absurd  propaganda  of  the 
Soviets,  we  might  get  across  to 
the  peoples  of  the  world  that  ■  ^ 

industr\'  not  only  prefers  peace  i  \  M 

for  the  safety  of  its  sons  and  n\^ 

daughters,  but  actually  would  ^  /  yi 

profit  more  from  peace  and  § 

stable  price  lev'els.  \ 

The  Communist  line  which  ^  \ 

paints  .American  business  and  \ 

industry'  as  “warmongers,”  “war  1 1 S  / 

profiteers,”  and  “bloodsuckers  IjlS  € 

fattening  on  the  woes  of  the 
people”  is  so  far  from  the  truth 
that  we  ought  to  be  able  to  ex-  ;l 

pose  its  fallacies  with  some  well-  |  ^  |  ^ 

aimed  shots  at  the  weak  points  |  jpN  MHl  jH 
in  their  argument.  j 


The  sober-faced  blasting  cap  bos  s  are  back  again  on  the 
Institute  of  .Makers  of  Explosives’  posters  to  remind  ex¬ 
plosives  users  to  lock  up  their  blasting  caps  to  prevent 
accidents  to  children.  Tla*  same  little  comic  strip  figures 
appeared  some  vears  ago  on  the  warning  poster  issued  by 
the  Institute  to  warn  Ixn  s  and  girls  to  beware  of  caps.  That 
jjoster  portrayed  a  pistol-packin’  desperado  who  warned 
his  audience:  “Believe  me,  pal.  I’m  very  dangerous!” 

Thk  Expi.osives  Encinekr  strongly  urges  its  readers  to 
make  use  of  these  posters  by  tacking  them  on  magazine 
d(M)rs  and  wherever  all  who  have  access  to  caps  can  see 
them.  This  poster  greeting  a  workman  as  he  opens  a  maga¬ 
zine  d(M)r  or  lifts  the  lid  of  a  chest  containing  blasting  caps 
can  hardly  fail  to  get  its  message  across  and  to  remind  him, 
at  the  “point  of  sale,”  as  the  retail  merchants  express  it, 
that  now  is  the  time  to  do  something  about  keeping  caps 
away  from  children.  For  years  the  Institute’s  list  of  “Don’ts” 
has  contained  directions  for  explosives  users  which  would 
prevent  blasting  caps  falling  into  the  hands  of  children. 
Otlu'r  precautions  helpful  in  this  are:  Keep  caps  under  lock 
and  key;  account  for  all  caps  at  the  end  of  the  day;  return  all 
unused  caps  to  the  locked  magazine  at  the  end  of  the  day; 

and  pennit  onlv  authorizetl  per- 
.sons  to  have  access  to  the  maga- 
zine.  Following  these  suggestions 
to  cut  down  the 
numbers  of  bovs  and  girls 
jured.  Tin*  posters  tell  the  same 
story,  but  present  it  in  a  colorful 
I  ]  /j  way  which  will  attract  the  atten- 

fj  ^ j  tion  of  the  men  on  the  job. 

^  I  ^  /  //  believe  the  campaign  to 

I  ^  remind  cap  consumers  of  this 

^16  j\  danger  may  be  having  a  good 

I  '  /  >  /  ‘‘fft't’t-  At  any  rate,  something, 

-r  /  \/x  perhaps  it  is  the  Institiite’s  wam- 

^  ing  campaign,  is  producing  a 

^  small  decrease  in  the  number  of 

^  children  injured  in  recent  vears. 

Let’s  keep  up  the  g<K)d  work, 
i  gMt  Copies  of  this  poster  can  be 

rfr  obtained  from  the  Institute  of 

1^^  ■HL'  .Makers  of  Explosives,  2.50  East 

Street,  New  York  17,  N.  Y. 
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TKe  Great  , Glen  Canycw^ 


Eteereisin^  teehnieal  skill  anil  praetieal  know>kow,  Merrittit^kapmaii  i&  Scotty 
prime  contractors  on  U.  S.  Bureau  of  Reelamation*s  $1 08-million 
eontraety  is  successfully^  meeting  nature's  ekallen^e 
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GLEN  CANYON  DAM  SITE:  Looking  upstream,  one 
views  the  steel  arch  bridge  silhouetted  against  a  back¬ 
ground  of  indescribable  grandeur.  The  partially  com¬ 
pleted  Glen  Canyon  Dam  can  be  seen  in  the  foreground. 


*  Deceased 


IF  ever  there  was  such  a  thing  as  sculpturing  with  dynamite,  it  has  been 
accomplished  effectively— almost  artistically— in  the  key  ways  into 
which  the  great  Glen  Canyon  Dam  is  being  notched.  These  tremen¬ 
dous  cursed  abutments  in  the  towering  sandstone  walls  of  the  Colorado 
River  had  to  be  precise  in  everv’  respect.  And  it  took  a  world  of  other 
drilling  and  blasting— for  terrain  leveling,  bridge  building,  diversion  and 
access  tunnels,  and  spillway  raises  — to  prepare  for  the  concrete  pouring 
that  started  in  the  spring  of  1960. 

Everything  about  this  project,  even  the  grand  remoteness  of  the  site,  is 
of  such  magnitude  as  to  be  almost  m.tjestic.  In  the  first  place,  the  job  is 
probablv  the  biggest  one  going  on  in  the  world  todav.  The  contract  for 
$107,955,122  was  the  largest  construction  contract  ever  let  by  the  U.  S. 
Bureau  of  Reclamation,  which  has  let  some  whoppers.  .And  the  prime  con- 


NAVAJOS:  Much  of  the  dam  and  reservoir  area  was  on  the  Navajo  Reservation.  ,-A  special 
aRreement  was  made  with  the  Indians,  and  approved  by  the  Bureau  of  Indian  Affairs,  to  move 
the  Navajos  to  suitable  land  in  Utah. 


tractor,  Merritt-Chapman  &  Scott  of 
New  York  Cit\',  one  of  the  big  and  di¬ 
versified  firms  in  the  nation,  observ  ed 
its  lOOtli  anniversarv’  in  1960;  it  is  one 
of  the  rev'ered  veterans  of  construction. 

Located  in  lonely  Navajo  countrv'  on 
the  northern  border  of  Arizona  near 
the  spanking-new  town  of  Page,  the 
dam  is  the  key  to  a  gigantic  program 
designed  to  control  the  upper  basin  of 
the  Colorado  River  and  to  generate 
hvdroelectric  power  and  develop  a 
modern  recreational  area  in  a  region 
that  had  been  as  primeval  as  the  Land 
of  Nod. 

The  dam  is  15  miles  upstream  from 
Lees  Ferrv’  and  12  river  miles  down¬ 
stream  from  the  .Arizona-Utah  state 
line;  it  is  370  miles  up  the  river  from 
Hoover  Dam,  which  spans  the  lower 
basin.  The  concrete  gravity  arch  type 
of  structure  will  rise  573  ft.  above  the 
river  bed  and  707  ft.  above  the  lowest 
point  in  the  foundation.  The  crest 
length  will  Ih>  1,560  ft.  and  the  crest 
width  35  ft.  The  base  will  be  300  ft. 
wide.  The  dam  will  contain  5,409,000 
cu.  yd.  of  concrete.  For  comparison, 
the  renowned  Hcx)ver  Dam  was  made 
of  3,250,0(X)  cu.  yd.  of  concrete;  Grand 
Coidee  Dam  has  10,500,000  cu.  yd. 

The  eight-unit  power  plant  at  Glen 


Canyon  will  have  a  capacity  of  9(K),(XK) 
kw.  The  reservoir  will  be  a  dilly.  It 
has  been  named  Powell  Lake  in  honor 
of  Maj.  John  Wesley  Powell,  who 
prowled  the  region  and  w'as  almost 
stunned  by  the  scenery  and  the  poten¬ 
tial  of  this  wild  old  river  back  in  1869. 
The  lake  will  be  186  miles  long  and 
will  finger  out  into  some  of  the  wildest, 
most  st'enic  and  desolate  landscape 
ever  glimpsed  bv  Major  Powell  or 
anvone  else.  Someone  has  called  it 
“Ciod’s  Disneyland.”  The  reservoir  will 
be  developed  into  a  National  Recrea¬ 
tion  Area  under  the  National  Park 
Serv'ice,  much  in  the  manner  of  Lake 
.Mead  behind  Hoover  Dam.  The  Glen 
Canyon  Dam  will  back  clear,  blue 
w’ater  to  lap  at  the  feet  of  Rainbow 
Natural  Rridge  on  the  rugged  flank  of 
Navajo  Mountain  near  the  junction  of 
the  Colorado  and  the  San  Juan.  .As  a 
matter  of  fact,  a  restraining  dam  and 
other  facilities  must  be  constructed  to 
protract  the  much  post-carded,  but  sel¬ 
dom  seen.  Rainbow’  Bridge.  But  the 
w'ater  backing  up  there  will  make  this 
scenic  wonder  accessible  to  w'ide-eyed 
tourists;  a  short  boat  trip  will  take 
them  there.  At  present,  the  bridge  can 
be  reached  only  by  a  slow  and  tiring 
pack  trip  or  a  long  river  junket  and  a 


lO-mile  hike,  and  the  result  has  been 
that  comparatively  few'  brave  souls 
have  stootl  in  awe  at  the  foot  of  the 
Rainbow  Bridge. 

A  New  Empire 

The  overall  program  is  designed  to 
open  an  empire  in  the  land  of  long  .soli¬ 
tude  in  w'hich  even  the  Navajos  have 
had  a  hard  time  eating  regularly.  The 
program  includes  three  other  major 
dams  and  11  additional  projects. 

The  three  other  principal  structures 
are  Navajo  Dam  on  the  San  Juan  in 
northwestern  New'  Mexico,  34  miles 
east  of  Farmington  and  3  miles  down¬ 
stream  from  where  the  Los  Pinos  finds 
the  San  Juan;  Flaming  Gorge  Dam 
on  Careen  River  in  northeastern  Utah; 
and  the  Curecanti  Unit  on  the  Gun¬ 
nison  River  in  western  Colorado.  Hy¬ 
droelectric  power  will  be  generated  at 
Flaming  Gorge. 

The  11  additional  units,  know'ii  as 
“participating  projects,”  w'ill  be  mainly 
for  irrigation.  No  w'ater  from  Powell 
Lake  behind  Glen  Canyon  Dam  will 
Ik*  used  for  irrigation.  But  something 
more  than  132,000  acres  of  new  land 
will  come  under  irrigation  from  the 
other  units,  and  234,(X)0  acres  already 
under  cultivation  will  get  more  water. 

The  long-suff^ering  Navajos,  who 
have  lx*en  trying  to  rise  above  povertv, 
will  enjoy  some  immt*diate  benefits: 
Navajo  Dam  w’ill  furnish  water  for  the 
irrigation  of  nearly  111,(KX)  acres  of 
land,  giving  the  Indians  an  opportun¬ 
ity  to  roll  up  their  sleeves  and  grow 
more  food;  this  is  not  apt  to  add  to  the 
bulge  of  the  national  surpluses,  for  the 
Navajos  w'ill  be  able  to  consume  more 
than  bumper  crops  could  pnKluce  and 
still  not  get  fat. 

Along  w'ith  the  empire-opening  fac¬ 
ets,  one  main  purpr)se  of  the  almost 
unbelievably  big  program  is  to  carr\’ 
out  more  eflFec'tively  the  Colorado 
River  Compact  of  1922,  w'hich  divided 
the  w’aters  of  the  upper  and  lower 
basins.  The  flow  of  the  river  is  erratic, 
varving  from  4  to  22  million  acre-feet 
a  year  at  Lees  Ferry.  In  long,  dr\’ 
spells  there  is  not  enough  mountain 
W'ater  to  permit  the  upper  basin  to 
consume  its  allotment  and  at  the  same 
time  make  the  re(juired  deliveries  to  the 
low'er  basin,  all  the  way  into  Mexic'O 
which  w’cts  its  whistle  out  of  the  Colo¬ 
rado.  So  the  idea  of  the  storage  reser- 
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voirs  upstream  is  to  catcli  and  hold 
water  when  flows  are  high,  for  use 
when  needed,  thus  giving  a  regularity 
to  the  river  that  nature  didn’t  provide. 

All  of  this  has  been  authorized  by 
Congress  and  the  money  stacked  in 
a  big  pile.  The  total  cost  will  run 
$760,000,000,  the  largest  expenditure 
ever  authorized  for  a  Bureau  of  Recla¬ 
mation  development  at  one  time.  As 
time  passes,  users  of  water  and  power 
will  foot  the  bill. 

Indian  Treaty 

The  Glen  Canyon  Dam  re(|uired  a 
treaty  with  the  Indians.  Much  of  the 
dam  vicinity  and  reservoir  area  were 
on  the  Navajo  Reservation.  Reclama¬ 
tion  powwowed  with  the  Navajos  and 
worked  out  an  agreement  under  which 
the  Indians  received  land  in  nearby 
Utah  for  that  needed  in  Arizona  for 
Clen  Canyon. 

Before  the  project  started,  if  a  man 


had  owned  the  land  he  would  have 
been  happy  to  have  given  it  back  to 
the  Indians.  Nothing  except  Navajo 
hogans  were  near  the  dam  site.  There 
were  no  roads  or  communications  and 
no  place  for  anyone  to  live.  Kanab, 
Utah,  was  76  miles  away  but  there  was 
little  except  rough  and  roadless  terrain 
between  Kanab  and  Glen  Canyon.  The 
site  is  in  Coconino  County,  of  which 
Flagstaff  is  the  seat;  Flagstaff  is  135 
miles  and  across  the  Painted  Desert 
away.  Flagstaff  and  Marysvale,  Utah, 
which  is  190  miles  away,  are  the  near¬ 
est  railheads.  From  the  dam  it  is  300 
miles  to  Phoenix  and  384  miles  to  Salt 
Lake  City. 

Glen  Canyon,  so  named  because 
early  explorers  noticed  small  glens  of 
oaks,  is  a  gorge  176  miles  long  between 
Lees  Ferry  and  the  lower  end  of  Cata¬ 
ract  Canyon  about  14  miles  above 
Hite,  Utah.  Through  most  of  the  can¬ 
yon  the  river  is  confined  by  massive 


sandstone  walls  rising  straight  up  as 
much  as  1,200  ft.  Back  from  the  river 
the  land  is  one  of  broad,  cliff-edged 
mesas,  all  looking  sunbaked  and 
lonely.  Indian  writings  and  pictures  on 
sections  of  the  canyon  walls  have  been 
identified  as  of  the  twelfth  and  thir¬ 
teenth  centuries,  quite  a  while  before 
Columbus  made  a  name  for  himself. 

The  climate  is  excellent  for  construc¬ 
tion  work.  Snowfall  is  about  4  in.  a 
winter  and  total  annual  precipitation 
is  6  in.  A  man  can  get  up  a  sweat  in 
the  summer,  with  the  temperatures 
steaming  up  to  as  high  as  114  degrees. 
About  the  coldest  temperature  re¬ 
corded  there  was  2  degrees  above  zero. 

Preliminary  Construction 

W’ork  started  on  July  1,  1956,  with 
the  assignment  of  Bureau  of  Reclama¬ 
tion  personnel  to  a  temporarv'  office  in 
Kanab.  The  first  essential  of  the  proj¬ 
ect  was  the  building  of  temporary 


ANCIENT  PETROC.LYPHS:  Indian  writings  were  found  on  sections  of  the  canyon  wall  13  miles  upstream  from  the  dam  site.  Available  infor¬ 
mation  indicates  that  these  carvings  were  made  in  the  twelfth  and  thirteenth  centuries. 
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roads  across  the  desert  to  both  sides  of 
the  river.  W  hen  one  was  on  one  side 
of  the  canyon  at  the  dam  site,  he  was 
alwuit  1,0(K)  ft.  from  the  other  side,  but 
it  reijiiired  a  190-mile  trip  by  car  to 
get  o\er  there.  Temporar)’  airstrips 
were  built  on  each  side  of  the  river  for 
access  to  the  project  and  also  so  that 
engineers,  surveyors,  and  prospective 
bidders  could  get  across  and  do  their 
faguring. 

EveiAAvhere  there  were  big  things  to 
do.  First,  though,  there  had  to  be 
roads  to  the  platv,  a  town  for  work¬ 
men  and  their  families,  and  the  river 
had  to  be  diverted  so  that  the  work  of 
notching  the  canyon  for  the  dam  coidd 
proc-eed.  The  first  major  w  ork  starttxl 
in  Octolx*r,  1956,  when  Mountain 
States  Construction  Company  of  Den- 
\’er  w'as  given  a  $2,452,340  contract  to 
drive  the  west  diversion  tunnel.  Co¬ 
operating  w’ith  the  States  of  .\rizona 
and  Utah,  the  Bureaus  of  Reclamation 
and  Public  Roads  contracted  for  a  per¬ 
manent  road,  .\lternate  U.  S.  89,  from 
Bitter  Springs,  .\rizona,  through  the 


desert,  buttes,  and  bluflFs  to  the  dam 
site  and  from  there  to  Kanab. 

On  December  19, 1956,  Reclamation 
gave  a  $4,139,277  c^on tract  to  Judson 
Pacific-Murphy  Corporation  and  Peter 
Kiew'it  Sons’  Company  to  construct  a 
steel  arch  bridge  across  the  river  just 
below  the  dam  site,  joining  the  new' 
highw’ay  from  Bitter  Springs  to  Kanab. 
This  bridge  was  dedicated  on  Febru- 
ar\'  20,  1959.  The  spectacular  rim-to- 
rim  structure  is  the  highest  and  second- 
longest  steel  arch  bridge  in  the  nation; 
its  1,028-ft.  arch  stands  700  ft.  above 
the  river.  The  deck  is  1,271  ft.  long  and 
the  roadway  is  30  ft.  wide  and  is  par¬ 
alleled  by  4-ft.  walkways. 

The  prime  c'ontract  with  Merritt- 
Chapman  &  Scott  w'as  let  on  April  29, 
1957.  Cetting  set  for  a  six-year  job 
callt^d  for  a  vast  c'omplex  of  facilities  — 
offices,  shops,  warehouses,  living  (juar- 
ters,  power,  fuel  and  water  installa¬ 
tions,  communications,  bringing  in  the 
outsize  ecjuipment  needed  for  such  a 
job.  All  of  this  ran  into  the  millions. 


Geology 

Drilling  and  blasting,  which  were 
already  in  progress  in  the  west  diver¬ 
sion  tunnel  and  at  the  bridge,  soon 
started  all  over  the  place.  Although 
blasting  jobs  varied  somewhat  as  to 
method,  the  main  formations  were 
fairly  c-onsistent.  This  plateau  prov¬ 
ince  is  an  area  of  almost  horizontal 
st'dimentarv’  rocks  that  have  been 
heaved  up  without  much  disturbance 
of  layers.  The  keyways  and  founda¬ 
tion  of  the  dam  are  in  Jurassic  Navajo 
sandstone.  Buff  to  red  in  color,  it  is 
massive  and  highly  cross-bedded.  The 
stone  is  medium-  to  fine-grained.  It  is 
made  up  largely  of  white  and  pink 
(juartz  grains  with  scattered  grains  of 
other  minerals.  Some  of  the  sandstone 
on  and  near  the  surface  is  pretty  badly 
weathered. 

This  showed  up  particularly  bad  in 
the  west  wall  when  excavation  for  the 
skewbacks,  or  concrete  foundations, 
for  the  highway  bridge  started.  Be¬ 
cause  of  the  c-ondition  of  the  r(K-k,  the 
skewbacks  had  to  be  enlarged,  necessi- 


THE  TOWN  OF  PAGE:  The  new  town  of  Page,  created  to  meet  the  needs  of  the  workers,  appeared  almost  overnight.  It  has  all  the  facilities 

found  in  any  modem  community  and  is  about  2  miles  from  the  dam. 
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SHORT  CUT:  To  facilitate  the  movement  of  workmen  and  light  supplies  from  one  side  of  the  canyon  to  the  other  a  1,280-ft.  suspension  foot¬ 
bridge  was  built  at  a  cost  of  $200,000.  A  tenderfoot  gets  quite  a  thrill  on  his  first  crossing. 


fating  the  removal  of  an  additional  building  of  roads.  At  least  1,500,000  ter  and  2  miles  long.  About  185,000  yd. 

9,.5(X)  cti.  vd.  of  material.  cu.  yd.  of  rock  was  blasted  out  in  this  of  material  was  excavated.  The  tun- 

phase.  Every  visitor  can  see  one  un-  nel  enters  the  wall  of  the  canyon  below 

Drilling  and  Blasting  usual  piece  of  evidence  of  this  blasting.  the  dam  site  and  follows  the  eonfigura- 

'I'he  skewback  work  was  spectacular  On  the  west  side  of  the  river  slightly  tion  of  the  canyon  wall;  it  emerges  at 

blasting.  At  the  start,  it  was  difficult  upstream  from  the  highway  bridge  the  river  level  just  below  the  power- 

to  effect  a  totdiold  in  the  canyon  walls.  stands  a  reddish  butte  which  is  a  fa-  house  location.  During  construction  it 

'I'he  drilling  was  with  regular  jackham-  mous  landmark  because  it  is  shapt'd  is  used  as  an  access  route  into  the 

mers  mounted  on  (juarrv'  bars;  this  was  something  like  a  beehive;  it  even  has  canyon  and  the  vicinity  of  the  dam 

found  to  be  more  effective  than  jib  a  small  cave  in  about  the  position  of  foundation;  however,  its  use  is  re¬ 
drills  from  a  platform.  The  men  were  the  entrance  of  a  beehive.  It  was  a  stricted,  for  there’s  not  much  parking 

suspended  in  bosun’s  chairs,  and  it  little  too  close  to  the  river  to  leave  space  down  there.  W  hen  the  dam  is 

looked  as  if  they  were  clinging  to  the  room  for  a  cableway  tail  tovv'er  and  complete,  the  tunnel  will  be  the  only 

cliff  for  dear  life.  .Actually,  the  work  other  necessarv’  installations,  and  vehicular  route  to  the  powerhouse.  It 

was  not  extremely  hazardous.  Light  al>out  one-fourth  of  it  had  to  be  blasted  is  wide  enough  for  two-way  traffic, 

charges  of  explosives  were  used  to  off.  Now  the  beehive  is  a  little  whop-  Some  7(K)  ft.  has  a  2%  grade  and  the 

avoid  disturbing  adjaeent  rock.  per-javved.  rest  rises  at  a  slope  of  S%.  Every  500  ft. 

Ckmsiderable  blasting  was  re<juired  An  access  tunnel  to  the  location  of  a  ventilation  and  mucking  adit  was 
for  the  installation  of  plant  facilities  the  powerhouse  just  below  the  dam  site  punched.  Muck  was  dumped  out  these 

such  as  cableway  tail  towers,  and  the  was  blasted  out.  It  is  20  ft.  in  diame-  adits  and  tumbled  into  the  river. 
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WITH  THE  GREATEST  OF  EASE:  A  heavy-duty  Euclid  is  handled  with  the  greatest  of  ease 
hy  the  25-ton-capacity  cableway  built  to  get  large  equipment  down  into  “the  hole.”  The  cable- 
way  was  also  used  to  transport  equipment  across  the  canyon. 


Frazier-Davis  Company  of  St.  Louis 
drove  the  tunnel.  VV.  W.  Clyde  &  Com¬ 
pany  of  Springv'ille,  Utah,  had  the  con¬ 
tract  for  surfacing  the  floor. 

Diversion  Tunnels 

.At  the  start,  the  big  hurry  was  to 
drive  the  2,740-ft.  west  diversion  tun¬ 
nel  so  the  river  could  be  turned  from 
the  dam  site  as  early  as  possible.  Moun¬ 
tain  States  Construction  Company 
subcontracted  the  drilling  and  blast¬ 
ing  to  Northwood,  Inc.,  of  Vancouver 
and  the  mucking  to  Theo  Wood  Con¬ 
struction  Company  of  Salt  Lake  City, 
Drilling  was  from  a  jumbo  w'ith  plat¬ 
forms  which  could  be  raised  to  pass 
the  mucking  machines.  It  was  mounted 
on  pneumatic  tires  rather  than  on  a 


truck.  The  jumbo’s  four  decks,  each 
mounting  from  two  to  five  drills, 
c-overed  the  full  face.  Usually,  15  drills 
were  u.sed  in  drilling  the  3/*-in.  blast 
holes.  Something  of  a  pyramid  pattern 
was  Jised  in  placing  the  holes  so  that 
the  main  force  was  to  the  center.  The 
cut  holes  in  the  center  were  18  ft.  deep 
and  the  other  holes  16  ft. 

Throwaway  bits  made  by  Western 
Rock  Bit  Company  were  used.  A  bit 
was  good  for  about  48  ft.,  or  three 
rounds. 

From  200  to  250  holes  were  loaded 
for  each  round.  Loading  of  the  40^ 
strength  dynamite  was  at  the  ratio  of 

lb.  of  e.xplosives  to  the  cu.  yd.  of 
material  in  the  solid.  Electric  delay 
caps,  periods  1  to  8,  were  used;  the 


round  was  hooked  up  in  something  of 
a  parallel  circuit  and  fired  with  a  blast¬ 
ing  machine.  About  600  cu.  yd.  of 
material  was  pidled  to  the  round.  The 
big  tunnel— 1,818  ft.  of  it  43  ft.  6  in.  in 
diameter  and  the  rest  of  it  46  ft.  6  in. 
—was  advanced  an  average  of  13  ft. 
a  day. 

Mucking  was  in  trucks  which  hauled 
to  waste  dumps  in  the  canyon  bottom, 
and  the  material  stockpiled  for  use  in 
building  roads  and  cofferdams.  Lining 
of  the  tunnel  with  concrete  was  done 
by  Merritt-Chapman  fit  Scott. 

Frazier-Davis  drove  the  east  diver¬ 
sion  in  much  the  same  way.  It  is  just 
short  of  3,000  ft.  long  and  is  34  ft. 
higher  in  elevation  than  the  west  di¬ 
version.  Therefore,  the  west  tunnel 
turned  the  river  until  spring  runoff 
raised  it  to  the  level  of  the  east  diver¬ 
sion. 

Northwood,  Inc.,  drove  the  spillway 
raises,  one  on  each  side.  Entrances  of 
these  50-ft.-diameter  tunnels  are  about 
6(X)  ft.  upstream  from  the  dam.  They 
descend  at  an  angle  of  55  degrees  and 
end  at  junctions  with  the  diversion  tun¬ 
nels  at  alK)ut  the  halfway  mark  of  the 
diversions.  Later  the  upper  ends  of 
the  diversions  will  be  plugged  and  the 
lower  ends  will  bet'ome  a  part  of  the 
spillway  system. 

Pilot  Shaft 

A  pilot  shaft  7  by  14  ft.  was  first 
driven  and  etjuipped  with  a  manway 
6  by  7  ft.;  the  manway  housed  the  air 
and  water  lines  and  also  some  of  the 
equipment.  Blast  holes  for  the  shaft 
were  drilled  from  a  platform  on  top  of 
the  manway.  Atlas  Copco  stopers  were 
used  to  drill  the  6-ft.  holes,  which  were 
loaded  at  a  ratio  of  2  lb.  of  e.xplosives 
to  the  cu.  yd.  of  material  in  the  solid. 
Shaft  advancement  was  8  ft.  per  day. 
.Muck  was  removed  by  gravity  into  an 
automatic  chute  at  which  S7  Euclid 
trucks  loaded  and  hauled  to  the  waste 
area. 

With  the  shaft  tx)mplete,  drilling 
and  blasting  started  at  the  top  on  the 
full  face  of  the  spillway  raise.  A  Gard- 
ner-Denver  900  rotary  compressor  sup¬ 
plied  air  for  the  drills.  Ventilation  was 
with  a  Joy  30-hp.  fan.  Gardner- Denver 
and  Ingersoll-Rand  drills,  mounted  on 
crawlers,  were  used  in  drilling  the  12- 
ft.  holes  on  4-ft.  centers.  Throwaway 
bits  by  Western  Rock  Bit  were  used, 


140 


THE  EXPLOSIVES  ENGINEER  •  SEPTEMBER-OCTOBER,  I960 


and  each  bit  was  good  for  about  80  ft. 
of  hole.  Holes  were  loaded  with  bag 
powder.  Blasted  material  was  rtmoved 
through  the  pilot  shaft. 

A  rock  pillar  was  left  in  the  spillway 
opening  to  help  support  the  roof  until 
supports  were  in  place.  What  are  be¬ 
lieved  to  be  the  largest  steel  supports 
ever  rolled  were  installed  in  the  open¬ 
ings.  The  top  of  the  tunnel  flares  into  a 
parabolic  curve,  necessitating  steel  set¬ 
tings  115  ft.  long.  The  manufacturer. 
Commercial  Shearing  and  Stamping 
Company,  bent  the  huge  settings  for 
the  tunnel;  32  steel  sets  were  installed. 

The  pilot  shaft,  no  longer  needed, 
will  be  plugged. 

The  sculpturing  of  the  keyways  for 
the  dam  was  perhaps  more  exacting, 
and  exciting,  than  the  tunnel  work. 
'I'hese  deep  grooves  in  the  towering 
walls  were  shot  to  line  and  grade  all 
the  way  down;  they  don’t  go  straight 
down  but  are  cut  back  deeper  at  the 
top.  This  slope  was  staked  all  the  way 
down  for  the  blasting  operation. 

The  keyways  and  the  foundations 
for  the  dam  and  powerhouse  required 
the  blasting  of  more  than  3,150,000  cu. 
yd.  of  material,  about  2,182,000  yd.  of 
it  rock  and  the  remainder  common 
matter. 

The  keyways  were  brought  down  by 
a  shelf  system  of  blasting  and  mucking. 
Chirdner- Denver  123  Air  Tracs  were 
used  in  drilling  3/4-in.  holes.  Jackham- 
mc*rs  were  also  used  and  they  drilled 
2/»-in.  holes.  Liddicoat  throwaway 
bits  were  effective;  the  rock  was  fairly 
soft  but  highlv  abrasive.  Brunner-Lav 
7(K)-thread  steel  was  used.  Air  for 
drilling  came  from  compressor  stations 
on  top. 


DRILLING:  Sinking  the  drill  holes  for  the  keyways  and  the  foundations  for  the  dam  was  a 
big  job  because  more  than  3,150,000  cu.  yd.  of  material,  about  two-thirds  of  which  was  rock, 
had  to  be  blasted.  Drilling  patterns  were  adjusted  to  meet  vars’ing  conditions. 


Blasting  Data 

Depth  and  placement  of  blast  holes 
varied  with  the  ground  and  the  shape 
of  the  keyway.  As  a  rule,  holes  were 
from  2  to  24  ft.  deep.  A  round  ranged 
from  30  to  50  rows  of  holes,  with  the 
holes  4  to  12  ft.  apart.  Depending  on 
conditions,  the  number  of  holes  in  a 
round  usually  were  from  50  to  450,  but 
on  up  to  1,6(X).  In  many  places,  line 
holes  were  drilled  12  in.  apart  16  ft. 
deep  next  to  the  wall.  The  line  holes 
were  lightly  loaded,  sometimes  with 
onlv  Primacord,*  but  usually  with  car- 


A  BLAST  IN  THE  KEYWAY:  The  ke’  ways  were  brought  down  by  a  shelf  system  of  blasting, 
and  depth  and  placement  of  holes  varied  with  the  ground  and  shape  of  the  keyway.  The  shovel 
in  the  foreground  was  at  a  safe  distance  from  the  blast. 


Reg.  U.  S.  Fat.  Off.  by 

The  Ensign-Bickford  Company 
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were  excav'atecl.  Three  were  driven 
250  to  350  ft.  deep  in  each  keyway. 
Foundation  tunnels  were  6  ft.  4  in. 
wide  and  8  ft.  4  in.  high.  Wagon  drills 
were  used  to  line-drill  the  outline 
holes,  which  were  on  2-in.  centers  and 
12  ft.  deep.  These  line  holes  were  not 
loaded.  A  burn-cut  pattern  with  a  5- 
hole  center  group  was  used.  Blast 
holes,  20  in.  apart  across  the  face  and 
2  ft.  apart  up  and  down,  were  6  ft. 
deep.  The  holes  were  primed  and 
loaded  to  the  collar  with  3051  extra 
dynamite.  Blasttxl  material  was  re¬ 
moved  in  manually  operated  cars  on 
a  narrow-gauge  track.  W'ith  the  use 
of  electric  hoists  secured  to  Sullivan 
pins  anchored  in  the  roof,  muck  cars 
were  lifted  from  the  track  for  passing 
in  the  tunnel. 

High  scalers  had  plenty  of  work  in 
the  awe.some  keyways,  ridding  the 
walls  of  loose  rock.  \N3ien  exposed  to 
weather,  the  rock  slacked  (juite  a  hit 
and  considerable  rescaling  was  neces- 
sarx’. 

In  some  places,  mesh  wire  was  an¬ 
chored  to  prevent  the  danger  of  falling 
rock.  The  worst  rock  spalling  was  on 
the  west  bank.  Great  numlx'rs  of  ex¬ 
pansion  shell-type  rock  bolts  were 
used.  Bolts  were  from  H  to  IJj  in.  in 
diameter  and  as  much  as  20  ft.  long. 
Not  only  were  lx)lts  newletl  in  the  kev- 
ways  but  also  in  the  diversion  tunnels, 
the  spillway  raises,  and  in  the  power¬ 
house  access  tunnel. 

.Another  drilling  and  blasting  chore 
that  would  bt‘  prt'tty  big  on  a  lesser 
project  was  the  exacavation  of  a  bench 
for  the  batch  plant  which  mixes  the 
c'oncrete  for  the  dam  and  powerhouse. 
It  is  on  the  west  bank  slightly  up¬ 
stream  from  the  keywax'.  The  bench 
is  190  ft.  beloxv  the  top  of  the  canvon. 
The  blasting  of  a  .section  of  the  canyon 
wall  for  this  bench  xvas  expensix'e  and 
took  a  great  deal  of  time,  but  it  will 
pay  off  during  the  pouring  bt^cause  it 
makes  possible  an  all-doxvngratle  de- 
liverx’  of  cement  and  aggregates. 

Concrete  Work 

The  mixing  and  pouring  xv'ill  la.st 
almost  four  years.  The  mixing  plant  is 
one  of  the  biggest,  if  not  the  very  big¬ 
gest,  ever  built.  A  gcxKl  source  of  ag¬ 
gregate  xvas  found  5/t  miles  from  the 
dam  site  on  W'ahweap  Creek,  a  tribu¬ 
tary'  of  the  Colorado.  This  xvas  de- 


CANYON  FLOOR:  A  4-yd.  Lima  dragline  removes  material  from  the  center  of  the  canyon 
floor  in  getting  down  to  bedrock  for  the  dam’s  foundations. 


tridges  of  1J»  by  8-in.  40?  dynamite 
placed  2  to  3  ft.  apart  in  the  hole  xvith 
dirt  stemming  betxx'een. 

Holes  were  loaded  on  a  ratio  of  %  lb. 
of  explosives  to  the  cu.  yd.  of  material 
in  the  solid,  .^s  a  general  rule,  the  hole 
xvas  primed  xx’ith  a  cartridge  of  40? 
dynamite;  then  from  3  to  1'2/i  lb.  of  bag 
poxx’der;  then  another  c.irtridge  of  40?; 
and,  lastly,  more  bag  poxvder.  Holes 
xvere  stemmed  to  the  collar  xx’ith  drill 
cuttings.  .\IS  delays  in  periods  from 
0  to  10  xxere  used,  xvith  the  line,  or 
wall,  holes  going  last. 

With  this  tx'pe  of  blasting,  modified 
to  meet  vary  ing  conditions,  the  xvall 
xx’as  kept  clean,  and  shattering  and 
cracking  xvere  held  to  a  minimum. 

The  blasted  material  xvas  loaded 
with  poxver  shoxels  into  International 


Harx'ester  Payhaulers  and  xvas  used  in 
building  and  repairing  roads  in  the 
plant  area.  With  the  haulage  road 
graveled,  packed,  and  watered,  the 
Pavhaulers  xvere  used  until  the  road 
reached  a  23?  grade.  From  then  on, 
the  blasted  material  was  dozed  and 
shoveled  over  the  canyon  xvall  xvhere 
it  rattled  into  the  river  bed;  doxvn 
there  it  xvas  dozed,  bladed  or  hauled  to 
xvaste  dumps  for  use  on  haul  roads  and 
in  coffers. 

With  necessary  changes  almost 
round  bx’  round,  the  blasting  pattern 
continued  doxx  n  to  bedrock.  The  foun¬ 
dation  of  the  poxverhouse  xvas  blasted 
out  so  that  it  xvas  left  in  a  series  of 
benches,  like  steps  to  a  post  office. 

Foundation  and  grouting  tunnels 
were  drixen  in  the  keyxvays  as  they 
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HIGH  SCALERS:  Making  the  drill  holes  for  the  blasting  of  the  bridge  skewbacks  svas  a  job  for  the  high  scalers.  Despite  the  hazards  of  the  work. 

the  company  has  maintained  an  excellent  safety  record. 


two  .5()-ton  cableway.s  with  traveling 
head  and  tail  towers.  The  cables,  per¬ 
haps  the  largest  ever  made,  are  4-in. 
l(X-k  coils;  thev  were  inannfactnred  by 
United  States  Steel. 


of  $2(K),(KK).  Kiewit  and  Jndson  Pacific- 
.\Inrphy,  contractors  for  the  highway 
span,  and  J.  Roebling’s  Sons  Corp. 
built  the  footbridge.  The  handrails 
are  of  cables  and  the  walkway  of  wire 
mesh.  A  good  way  to  actjuire  a  reveal¬ 
ing  feel  of  the  mightiness  of  the  can¬ 
yon  and  the  things  that  men  are  doing 
here  is  to  stroll  out  halfway  across  the 
f(H)tbridge,  take  a  manly  grasp  on  the 
handrail  and  lower  vour  eyes  on  the 
scenery  1,(KX)  ft.  below.  The  feeling  is 
intensified  if,  as  often  happens,  a  work¬ 
man  comes  put-put-putting  across  on 
a  motor  scooter,  creating  a  vibration 
that  makes  the  tenderfoot  wish  he 
hadn’t  tried  it. 

Early  in  the  work,  the  prime  con¬ 
tractor  installed  a  25-ton-capacit\' 
cableway  for  serx  icing  construction  of 


\eloped  and  an  aggregate  separation 
plant  installed  near  the  (piarry.  Aggre¬ 
gate  is  rt'cnverwl  bv  dragline  and  is 
moved  from  (juarrv-  to  plant  by  con¬ 
veyor  and  from  plant  to  dam  site  by 
bottom-dump  trucks  over  a  road  with 
a  maximum  grade  of  1)*?.  W  ater  for  the 
c^jncrete  work  comes  from  wells  drilltM:! 
by  the  prime  contractor. 

The  fully  automatic  Noble  mixing 
plant,  ecjuipped  with  six  T.  L.  Smith 
4-yd.  mixers,  has  a  top  capacity  of  480 
cu.  yd.  of  concrete  an  hour.  Since  the 
mix  must  Ix'  kept  within  the  specified 
range  of  40  to  50  degrees  during  place¬ 
ment,  and  since  coolant  is  necessary'  to 
the  blocks  of  mass  concrete,  a  6(X)-ton- 
per-hour  refrigerating  system  was  in¬ 
stalled. 

The  concrete  is  being  placed  xvith 


Suspension  Footbridge 

Because  of  the  remoteness  of  the 
site,  the  dizzy  heights  of  the  canyon 
walls,  the  bigness  of  the  project,  facili¬ 
ties  and  erjuipment  have  been  more  of 
a  complex  problem  than  on  most  con¬ 
struction  jobs.  Self-sufficiencv  has 
been  the  order  of  the  day.  Before  the 
highway  bridge  was  completed  there 
had  to  be  a  way  to  get  workmen  across 
the  canyon  without  too  much  delay. 
Therefore,  xMerritt-Chapman  &  Scott 
had  a  1,280-ft.  suspension  footbridge 
c'onstructed  across  the  canyon  at  a  cost 
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the  cli\’ersion  tunnels  and  other  work 
down  in  “the  hole.”  Much  of  the  equip¬ 
ment  used  in  the  bottom,  including 
heavy  trucks,  scrapers,  shovels,  cranes, 
and  tractors,  was  lowered  on  the  cable- 
wav.  The  transporting  of  men  and 
light  materials  between  the  rim  and 
the  lower  regions  is  accomplished  ef¬ 
ficiently  by  several  man  elevators  over 
the  rim;  thev  are  known  as  monkey 
slides. 

Equipment 

Nearly  e\’er\'  kind  of  modern  ecjuip- 
ment  has  been  used  on  this  job  and 
much  of  it  is  still  in  use.  Among  major 
items  of  e(juipment  used  by  Merritt- 
Chapman  &  Scott  were  International 
Har\'ester  Payhaiders,  trucks  and  trac¬ 


tors,  the  tractors  ranging  in  size  up  to 
TD-24;  Caterpillar  tractors;  Lima 
cranes;  Manitowoc  cranes;  Marion 
shovels  and  truck  cranes;  Lorain  truck 
cranes;  Mack  tractors  and  trucks,  in¬ 
cluding  transit-mix;  Cook  Brothers 
bottom-dumps;  Fniehauf  tnicks;  Eu¬ 
clid  bottom-dumps;  Wayne  buses; 
Double  Pumpcrete  machines;  Koeh- 
ring  Dumptors;  Joy  stationary  and 
portable  compressors;  Gardner- Den¬ 
ver  and  Ingersoll-Rand  compressors. 

Probably  the  best-equipped  ma¬ 
chine  and  maintenance  shops  on  any 
recent  construction  job  have  been 
operated  from  the  first,  with  nearly  all 
repairs  and  modifications  being  made 
on  the  job.  Because  of  the  great  dis¬ 
tance  to  parts  and  replacements,  an 


inventory  of  parts  valued  at  around 
half  a  million  dollars  has  been  kept  on 
hand  at  the  plant  by  Merritt-Chapman 
&  Scott  and  by  Cummins  and  Interna¬ 
tional  Harvester;  Cummins  and  IH, 
both  with  much  equipment  on  the  job, 
sold  parts  on  an  over-the-counter  basis, 
and  still  do. 

Communications  System 

Unless  there  were  some  grizzled 
Navajos  around  who  remembered  how 
to  puff  smoke  signals,  there  were  no 
communications  in  this  little-known 
land  at  the  start.  Few,  if  any  other, 
constniction  jobs  ever  developed  a 
more  impressive  or  efficient  system  of 
telephone  and  radio  communication  as 
at  Glen  Canyon.  Mountain  States  Tele¬ 
phone  and  Telegraph  cooperated  in 
bringing  in  lines  from  the  outside, 
connecting  to  the  construction  camp 
system  and  installing  an  exchange  at 
Page.  Merritt-Chapman  &  Scott  sub¬ 
contracted  the  electrical  end  of  com¬ 
munications  to  .Morgan  Electric  Com¬ 
pany  of  Seattle. 

When  radio  was  first  set  up  at  the 
site,  it  wasn’t  very  effective  because  it 
wouldn’t  carr\'  between  the  top  and 
bottom  of  the  canyon,  whereupon  a 
6()-ft.  antenna  was  installed  on  top  of 
a  nearby  hill.  Now  eveiy’  operation  is 
connected  by  telephone  or  radio,  or 
both.  Many  of  the  vehicles  are 
equipped  with  two-way  radio.  In 
(juite  a  few  instances.  Teletalks  are 
used  instead  of  regidar  telephone. 
Communications  were  developed  to 
the  fine  point  where  spotters  were  in 
communication  with  high-scaling  hoist 
operators.  The  offices  of  Merritt- 
Chapman  &  Scott  can  effect  immedi¬ 
ate  communication  with  everv’  place 
where  men  are  working. 

Power  Supply 

The  prime  c-ontractor  generates  and 
distributes  electric  power  for  the  job, 
the  Government  needs,  and  the  town 
of  Page.  W’estinghouse  generators 
powered  by  Fairbanks  Morse  engines 
and  English  Electric  generator  units 
are  used.  Power  is  distributed  through¬ 
out  the  construction  project  on  a  grid 
system.  Because  of  the  danger  of  vio¬ 
lent  electrical  storms,  the  power  sys¬ 
tem  is  equipped  with  numerous  arrest¬ 
ers  to  guard  against  lightning.  The 
powerhouse,  a  70  by  I80-ft.  Armco 


THE  MONKEY  SLIDE:  Men  were  transported  between  the  rim  and  the  lower  regions  of  the 
canyon  by  several  man  elevators.  These  efficient  units  soon  became  known  as  monkey  slides 
by  the  men  who  used  them. 
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steel  building,  was  air-conditioned  be¬ 
cause  high  temperatures  cut  down  the 
eflRciency  of  the  English  Electric  en¬ 
gines  which  draw  air  from  inside  the 
building.  The  system  has  been  en¬ 
larged  as  more  power  was  needed. 

Water,  aside  from  that  going  from 
wells  to  the  construction  job,  is 
pumped  from  the  Colorado;  it  is 
filtered,  treated,  and  stored  in  a 
3,000,000-gal.  reservoir.  From  there  it 
is  pumped  into  a  150,000-gal.  elevated 
tank  which  feeds  into  the  distribution 
system.  A  sew’erage  system  was  in¬ 
stalled. 

The  Town  of  Page 

Page  is  one  of  the  newest  towns  in 
the  nation.  It  sprang  up  almost  over¬ 
night  on  wasteland  and  now  has  all 
the  facilities  of  a  municipality— stores, 
shops,  restaurants,  bowling  alleys, 
supermarket,  top-(juality  motels,  serv¬ 
ice  stations,  churches,  schools,  a  golf 
course. 

The  Bureau  of  Reclamation  put  up 
many  temporary'  and  permanent  resi¬ 
dences,  warehoiLses,  municipal  office 
buildings,  administrative  buildings, 
and  quarters  for  police  and  fire  depart¬ 
ments.  Page  has  a  post  office,  tele¬ 
phone  building,  and  a  bank.  It  is  a 
complete  town  and  a  clean,  attractive 
one,  and,  among  other  things,  it  has 
one  of  the  most  spectacular  views  in 
.\ri7.ona— out  in  the  direction  of  Glen 
Canyon  2  miles  away. 

The  Page  population  has  climbed 
past  5,000.  There  are  still  many  trailers 
around,  but  the  town,  named  for  a 
one-time  commissioner  of  the  Bureau 
of  Reclamation,  is  taking  on  a  look  of 
permanence.  When  the  construction  is 
finished.  Page  will  be  the  principal 
municipality  of  the  recreational  area; 
mort*over,  with  water  and  with  power, 
this  one-time  desolate  spot  may  be¬ 
come  a  center  of  industry'. 

.Much  of  the  credit  and  excellent 
planning  of  the  town  goes  to  the  Bu¬ 
reau  of  Reclamation,  which  has  had 
more  experience  in  handling  tremen¬ 
dous  projects  in  out-of-the-way  places 
than  any  other  agency  or  organization 
in  the  nation,  if  not  the  world.  Grant 
Bloodgood,  assistant  commissioner 
and  chief  engineer  of  the  Bureau,  with 
offices  in  Denver,  was  the  contracting 
officer  and  responsible  for  designs, 
specifications,  and  construction.  Frank 
Clinton  is  the  regional  director  of  the 


AT  THE  HEADING:  The  jumbo  used  in  the  diversion  tunnels  was  mounted  on  pneumatic 
tires,  for  easy  mobility.  Drill  platforms  could  be  raised  to  allow  the  mucking  machines  to 
pass  under  the  jumbo  to  reach  the  heading. 


INLET  PORTAL:  The  inspector  standing  in  the  inlet  of  the  upper  portal  of  the  left  diversion 
tunnel  is  dwarfed  by  the  size  of  the  tunnel.  Excavation  of  this  and  the  other  diversion  tunnel 
was  a  major  drilling  and  blasting  job. 


Bureau.  L.  F.  Wylie,  who  has  had  wide 
experienee  with  tlie  Bureau,  is  the 
project  construction  engineer.  The 
Bureau  has  maintained  a  considerable 
staflF  on  the  project. 

Merritt-Chapman  &  Scott  has  also 
contributed  in  a  major  way  to  Page. 
The  prime  contractor  has  erected  resi¬ 
dences  and  donnitories.  The  company 
also  built  a  25-hed  hospital  for  use  of 
Page  residents;  it  is  modern  in  everx' 
respect  and  well  staflFed. 

The  elements  of  camp  life  have  vir¬ 
tually  disappeared  from  Page,  which 
has  more,  newer,  and  better  services 
than  the  a\’erage  W'estern  town  its  size. 

Nf-C  &  S  Centennial  Year 
Merritt-Chapman  &  Scott  never 


does  anything  halfway.  It  is  an  old 
outfit  that  is  as  modern  as  tomorrow. 
It  started  hack  in  1860,  when  Capt. 
Israel  J.  .Merritt  opened  for  business 
with  a  single  marine  salvage  schooner. 
In  1897,  Merritt  merged  with  the 
Chapman  Derrick  &  Wrecking  Com¬ 
pany,  headed  by  William  E.  Chapman. 
The  business  expandc'd  rapidly  and  in 
1922  the  Merritt-Chapman  organiza¬ 
tion  joined  with  the  T.  A.  Scott  Com¬ 
pany.  Merritt,  Chapman,  and  Scott 
were  imbued  with  the  pioneering  urge. 
They  had  big  dreams  and  the  courage 
and  fortitude  to  make  them  c-ome  true. 
In  1949,  Louis  E.  Wolfson,  now  chair¬ 
man  of  the  board,  joined  the  company 
and  launched  it  on  a  new  era  of  pio¬ 
neering.  It  has  undergone  wide,  suc¬ 


cessful  e.xpansion  in  the  past  decade. 

Almost  as  well  known  as  the  Black 
Horse  flag  that  flies  on  a  pole  at  every 
.M-C  &  S  job  is  the  slogan  “You  Name 
It,  We  Build  It!”,  and  this  is  no  exag¬ 
geration;  the  company  is  in  construc¬ 
tion,  marine  salvage  and  derrick  oper¬ 
ations,  shipbuilding,  chemicals,  paints, 
metallurgical  products,  fuel,  building 
materials.  Not  long  ago.  New  York 
Shipbuilding  Corporation,  a  part  of 
Merritt-Chapman  &  Scott,  completed 
construction  of  the  Savannah,  the 
world’s  first  nuclear-powered  mer¬ 
chant  vessel. 

In  the  past,  the  enormous  reclama¬ 
tion  jobs  have  been  handliHl  by  groups 
of  contractors,  and  it  is  verv  probable 
that  Glen  Canyon  is  the  biggest  job 
ever  tackled  bv  a  single  company;  it  is 
one  of  the  few  projects  that  ever  called 
for  the  assembling  of  a  plant,  fa¬ 
cilities,  and  equipment  worth  arountl 
$10,(KX),(XK).  The  project,  due  to  Ix' 
completed  in  March  of  1964,  is  on 
schedule,  and  there  seems  a  go(Kl , 
chance  that  the  construction  will  be 
finished  in  1963. 

A.  R.  Bacon  is  the  project  manager; 
John  Hec'kart,  general  superintendent; 
Col.  A.  H.  Griffin,  projec't  engineer; 
Ken  Hayes,  excavation  superintend¬ 
ent;  Tex  Battenfield,  general  foreman 
in  charge  of  excavation. 

On  this  project,  the  prime  c'ontrac- 
tor  has  had  up  to  1,250  men  working  at 
one  time,  around  100  of  them  Nava- 
jos;  this  doesn’t  cxxint  Bureau  of  Recla¬ 
mation  personnel  or  the  crews  of  sub¬ 
contractors.  During  the  concrete 
phase,  .Merritt-Chapman  &  Sc-ott  will 
use  between  550  and  6(X)  workmen. 

Safety  Record 

De.spite  the  natural  hazards  of  this 
work  along  the  top  and  in  the  yawning 
gorge  of  the  river,  the  company  has 
maintained  an  exceptionally  good 
safety  recwd.  Accident  frecjuency 
stands  at  13,  compared  to  the  national 
average  of  35,  and  the  average  on 
Bureau  of  Reclamation  projects  is 
slightly  more  than  30.  Recently  the 
State  of  Arizona  gave  the  prime  con¬ 
tractor  a  special  award  — the  first  ever 
presented  by  the  State  — for  its  safetv' 
program  and  record  at  Glen  Canyon. 
The  company  has  a  full-time  safety 
director,  and  the  Bureau  has  two 
safety  engineers  on  the  job. 


GLEN  CANYON  BRIDGE:  Standing  700  ft.  above  the  river,  the  Glen  Canyon  Bridge,  with 
its  1,028-ft.  arch  extending  from  rim  to  rim,  is  the  highest  and  second-longest  steel  arch  bridge 
built  to  date  in  the  United  States. 
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AGGREGATE  PLANT:  A  good  source  of  aggregate  was  found  about  54  miles  from  the  dam  site,  and  an  aggregate  plant  was  installed  near  the 

cjuarry.  The  aggregate  is  moved  from  the  quarry  to  the  plant  by  conveyor. 


At  the  beginning  of  each  shift  every  ards  are  discussed  in  fnll  detail.  can  industry,  witli  its  pioneering  spirit, 

Monday,  there  are  10-minute  “tool  There  have  been  (juite  a  few  “firsts”  know-how,  engineering  skill,  and  mar- 

box”  safety  meetings.  In  addition,  and  “biggests”  at  Glen  Canyon  out  velous  equipment,  can  manhandle 

there  are  full-dress  monthly  sessions  at  there  in  the  one-time  lonesome  cxiuntr)'.  wild  rivers  and  convert  butte-studded 

which  job  hazards  and  safety  stand-  It  is  a  graphic  example  of  how  .Ameri-  waste  into  productivity. 


MAJESTIC  GRANDEUR:  A  cowboy  and  his  horse  gaze  over  the  vast  changes  and  the  bustling  activity  that  Merritt-Ghapman  &  Scott  has 

brought  to  the  majestic  grandeur  of  the  .Arizona  landscape. 
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iVIinin^  Lithium  at  Kin^s  IVIountain 
In  N  or  th  Carolina 

Lilk  ium,  little  used  a  few  years  is  now  finding  an  ever-widening 

ran^e  of  applications,  and  Foote  IVflneral  Company  Is 
helping  to  meet  the  Inereasln6  demand 


ation  is  an  engaging  example  of  selec¬ 
tive  mining,  that  is,  dividing  ore  and 
waste  in  the  pit.  Mineral-bearing  ore 
lies  in  bodies  separated  by  wall  rock. 
This  “wast(!”  must  be  removed  to  get 
rid  of  it,  but  it  also  cxintains  commer¬ 
cial  products.  On  the  benches  in  the 
pit,  the  strips  of  barren  material  are 
taken  first  to  prevent  dilution  with  the 
ore.  As  in  nearly  all  mines,  there  is 


The  nation’s  major  supply  of  lith¬ 
ium,  which  is  growing  in  impor¬ 
tance,  is  being  blasted  out  of  the 
ground  near  historic  Kings  Mountain 
in  North  Carolina.  The  Foote  Mineral 
Company,  an  85-year-old  concern  that 
long  has  been  a  leader  in  light  metals, 

•Manager 

Foote  Mineral  Company 
Kings  Mountain,  North  Carolina 


NEIL  O.  JOHNSON 

in  chemicals,  and  in  research,  has  an 
open-pit  mine  and  a  modern  process¬ 
ing  plant  there. 

The  drilling  and  blasting  are  of  pe¬ 
culiar  interest  because  the  pit  is  near 
residential  areas,  and  vibration  must 
be  held  to  a  minimum;  moreover,  the 
blasting  pattern  has  been  developed  to 
control  the  throw  of  the  material  and 
to  improve  fragmentation.  The  oper¬ 


THE  MINE:  I.,ocated  in  a  region  containing  the  richest  known  deposits  of  lithium  ore  in  the  world,  Foote  Mineral  Company  extracts  the  val¬ 
uable  material  from  the  earth  and  ships  it  for  further  processing  to  its  Sunbright,  Virginia,  chemical  plant. 
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ORE  AND  WASTE;  A  dramatic  close-up  shows  pegmatite  ore  dikes  in  contact  with  the 
darker  amphibolite  waste  rock.  Selective  mining  proved  the  most  efficient  method  of  ex¬ 
tracting  the  lithium  ore-bearing  material. 


some  mingling  of  ore  and  waste,  but 
the  selective  mining  is  efficient. 

Historic  Site 

To  a  great  extent,  the  Foote  enter¬ 
prise  is  making  history  where  there  has 
already  been  a  lot  of  history.  Lithium 
is  comparatively  new  as  a  highly  useful 
element;  the  technical  know-how  of 
what  it  will  do  and  the  most  efficient 
way  to  recover  and  process  it  have 
been  developed  in  comparatively  re¬ 
cent  times.  Lithium  is  the  lightest 
metal  known  to  man,  weighing  only 
33  pounds  to  the  cubic  foot. 

Lithium  was  discovered  by  Johann 
Arfwed.son  in  1817,  years  after  Kings 
Mountain  was  known  the  world  over 
as  the  site  of  one  of  the  decisive  and 
significant  battles  in  American  history. 
\  great  many  American-history  stu¬ 
dents  have  the  impression  that  the  bat¬ 
tle  was  lietween  .American  “Mountain 
Men”  and  English  soldiers,  but  this  is 
not  exactly  true.  Actually,  the  moun¬ 
tain  men  were  American  Whigs  and 
the  English  force  was  made  up  of 
American  Tories.  The  only  British  sol¬ 
dier  in  the  entire  battle  was  the  Tory 
commander,  a  tempestuous  Scotsman, 
.Maj.  Patrick  Ferguson. 

Ferguson  developed  and  held  a  pat¬ 
ent  on  the  first  military  breech-loading 
rifle.  On  October  7,  1780,  Ferguson 
and  his  men  established  their  lines 
on  top  of  Kings  Mountain,  a  natural 
stronghold  because  of  its  commanding 
view  of  the  terrain  in  all  directions. 

He  has  been  quoted  as  having  said: 
“We  are  at  the  top  of  Kings  Mountain. 
1  am  king  of  this  mountain  and  God 
.-Mmighty  and  all  the  Rebels  out  of  hell 
cannot  drive  me  from  it.” 

And  well,  sir,  he’s  still  there  on  top 
of  that  mountain. 

Because  of  the  threat  of  invasion  by 
Ferguson,  a  hastily  mustered  force  of 
about  l,bb0  mountain  men  from  the 
Carolinas,  Virginia,  and  what  later  be¬ 
came  Tennessee  hurried  across  the 
mountains  into  the  valley  of  the  Ca¬ 
tawba,  determined  to  protect  their 
frontier  homes.  They  surrounded 
Kings  Mountain  and  soon  had  the 
Tories  in  confusion.  Seeing  that  they 
were  in  a  bad  way,  the  Tories  ran  up 
a  surrender  flag.  Ferguson,  dashing 
about  the  mountain  on  horseback, 
clipped  down  the  flag  with  his  sword. 
He  had  been  wounded  and  had  had 


several  horses  shot  from  under  him,  but 
he  organized  a  point-blank  charge  at 
the  mountain  men,  who  carried  deadlv 
muzzle-loading  rifles.  It  was  suicidal. 
Ferguson  and  most  of  the  men  in  the 
charge  fell.  The  commander  was 
buried  near  where  he  fell. 

The  disaster  for  the  English  forced 
Cornwallis  to  retreat  from  Charlotte 
Town,  brought  hope  to  the  Whig 
cau.se  in  the  South,  upset  the  British 


timetable,  and  eventuallv  culminatt»d 
in  the  surrender  at  Yorktown  and 
.American  independence.  A  national 
military  park  and  museum  stand  in 
memory  of  the  battle  of  Kings  Moun¬ 
tain.  The  museum  displays,  among 
many  other  interesting  relics,  a  rare 
Ferguson  rifle,  the  invention  of  the 
English  commander  who  died  on  top 
of  the  mountain.  It  was  the  latest  thing 
baek  in  1780.  Down  the  slope  a  way. 


DRILLING:  Air  Trac  drills  are  u.sed  for  making  blast  holes  in  both  the  ore-bearing  material 
and  the  waste.  Holes  2%  in.  in  the  ore  and  3-in.  holes  in  the  waste  are  drilled  24  ft.  deep,  4  ft. 
below  grade.  In  the  ore,  holes  are  6  ft.  apart,  with  the  rows  on  a  staggered  pattern  5  ft.  apart. 
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SELECTIVE  MINING:  This  excellent  view  of  the  pit  shows  selective  mining  as  practiced  by  Foote  Mineral  at  Kings  Mountain.  The  actual 
procedure  for  the  removal  of  rock  and  ore  depends  upon  the  width  of  the  pegmatites.  In  large  ore  bodies  the  surrounding  waste  is  removed, 

leaving  the  ore  body  exposed  on  three  sides  to  prevent  contamination. 


men  are  producing  litliiuin  for  today 
and  for  tomorrow. 

I'he  beautiful  little  city  of  Kings 
Mountain,  in  the  heart  of  the  Carolina 
industrial  Piedmont,  didn’t  come  into 
h(*ing  until  the  Southern  Railway  built 
through  in  1872.  Today,  the  cit\’,  which 
is  a  textile  and  mining  center,  has  a 
popidation  of  about  8,000.  The  historic 
mountain  is  in  the  virtual  center  of  the 
Lincolnton-Chiffney  mineral  belt  of  the 
CJarolinas. 

Today,  as  in  the  long  ago,  the  Kings 
.Mountain  area  is  contributing  to  the 
defense  of  American  independence 
and  well-being,  for  lithium,  lightest  of 
all  metals,  is  definitely  a  thing  of  the 
atomic  age.  Kings  Mountain  itself,  a 
land-locked  leviathan,  forms  a  pano¬ 
ramic  backdrop  for  the  Foote  lithium¬ 


mining  operations.  Tlie  mountain  is 
only  3  miles  from  the  lithium  works. 

Lithium-bearing  minerals  occur 
mostly  in  pegmatites,  which  are  holo- 
crystalline  rocks  of  variable  grain  but 
usually  coarse;  their  major  constitu¬ 
ents  include  minerals  typical  of  igne¬ 
ous  rocks.  Pegmatites  are  complicated 
and  create  baffling  problems  of  explo¬ 
ration  and  production. 

Ore  Deposits 

Pegmatites  containing  lithium  ore 
minerals  are  found  throughout  the 
world  —  Europe,  Russia,  Africa,  South 
America,  Canada,  and  elsewhere.  The 
largest  known  sources  in  the  United 
States  are  the  Black  Hills  of  South 
Dakota  and  the  tin-spodumene  belt  of 
the  Carolinas,  the  latter-named  being 


the  main  one.  Here,  a  narrow,  sinuous 
zone  roughly  30  miles  long  and  less 
than  a  mile  wide,  on  the  average,  ex¬ 
tends  northward  from  Gafi^ney,  South 
Carolina,  to  Lincolnton,  North  Caro¬ 
lina.  The  pegmatites  occur  in  weakly 
metamorphosed  sediments;  the  largest 
of  the  pegmatite  dikes  are  those  filling 
the  northeasterly  trending  fractures  in 
the  areas  of  mica  and  hornblende 
gneisses  and  .schists.  To  the  southeast 
of  Kings  Mountain  is  the  largest  known 
concentration  of  the  pegmatite  bodies 
in  the  tin-spodumene  belt.  Several 
large  and  closely  spaced  ore  bodies 
crop  out  within  an  area  2  miles  long 
and  half  a  mile  wide.  The  largest  of 
the  pegmatites  here  is  over  1,500  ft. 
long  and  about  350  ft.  wide.  This  is 
where  Foote  Mineral  is  operating. 
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Before  1940,  operations  in  the  area 
were  confined  to  small-scale,  intermit¬ 
tent  tin  mining,  but  then  things  began 
to  change.  Solvay  Process  Company 
ac(juired  mining  property,  built  a  flo¬ 
tation  plant,  and  began  producing 
spodumene  along  with  feldspar.  This 
operation  lasted  from  1942  to  1945  and 
less  than  15,000  short  tons  of  spodu¬ 
mene  concentrate  was  turned  out. 
Foote  Mineral,  a  commercial  producer 
of  lithium  chemicals  since  1934,  was 
the  principal  consumer  of  the  spodu¬ 
mene  processed  by  Solvay.  By  1948, 
the  market  for  lithium  chemicals  had 
advanced  to  the  point  where  Foote  felt 
that  it  ought  to  look  into  a  long-term 
source,  and  the  company  bought  the 
Solvay  property  in  October,  1950. 
Foote  installed  a  new  crushing  plant 
and  renovated  the  flotation  plant.  Since 
that  time,  the  plant  has  been  rebuilt 
and  expanded  at  a  cost  of  $3,000,000. 

Extensive  exploration  drilling  has 
been  done,  furnishing  a  basis  for  com¬ 
puting  the  ore  reserve:  the  present 
measured  ore  reserve  is  20,746,297  tons 
averaging  1.53?  lithium,  and  there  is 
an  additional  indicated  reserve  of 
15,769,075  tons,  bringing  the  total  to 
.36,515,372  tons.  And  there  is  a  great 
deal  more  ore  in  the  area. 

Mining  System 

Plans  for  developing  and  mining 
Foote  .Mineral  C'ompany’s  ten-bench. 


200-ft.-deep  open-pit  mine  were  for¬ 
mulated  from  data  obtained  from  the 
first  three  exploration  programs.  The 
present  pit  has  seven  benches  and  an 
area  1,400  ft.  wide  by  1,600  ft.  long, 
encompassing  approximately  53  acres. 
Each  bench  has  a  20-ft.  face.  This  is 
C“onsidered  a  safe  working  height  and 
permits  maximum  selectivity  and  pro¬ 
duction  in  mining  the  ore  bodies. 

Three  benches  are  mined  simulta¬ 
neously;  as  one  bench  nears  comple¬ 
tion,  a  new  bench  is  opened  up,  with 
the  major  production  ctiming  from  the 
intermediate  level.  To  develop  a  new 
bench,  a  slot  wide  enough  to  permit 
working  room  is  started  from  the 
.southeast  corner  of  the  pit.  This  slot, 
driven  to  the  far  side  of  the  pit  before 
being  widened,  cuts  across  the  pegma¬ 
tite  ore  bodies  and  country  rock  at 
nearly  right  angles.  Upon  completion 
of  the  slot,  the  ore  and  waste  faces  are 
advanced  northward  separately. 

The  mining  system  used  depends 
upon  the  width  of  the  pegmatites.  In 
large  ore  bodies,  the  surrounding  waste 
is  removed  first;  thus  the  ore  is  ex¬ 
posed  on  three  sides  to  prevent  con¬ 
tamination.  In  the  medium-size  ore 
bodies,  selective  mining  is  against  the 
steep  dip,  which  is  generally  toward 
the  west.  Using  this  method,  the  ore 
can  be  shot  away  from  the  waste,  and 
vice  versa,  thus  reducing  the  dilution 
of  the  ore  and  ore  loss  in  the  waste. 


Small  pegmatite  stringers  ( less  than 
10-ft.  width)  are  not  considered  eco¬ 
nomically  feasible  to  mine  by  them¬ 
selves.  However,  by  including  them 
with  the  waste  which  is  drilled  with 
a  greater  burden  and  spacing,  they  an; 
broken  into  large  fragments.  While 
loading  waste  these  are  cast  aside,  then 
by  using  the  dropball  they  are  re¬ 
duced  in  size  for  the  ore  crusher.  As 
a  result,  a  large  percentage  of  these 
small  ore  stringers  are  separated  and 
recovered  as  ore. 

Drilling  and  Blasting 

Blast  holes  in  ore  are  23*  in.  in  diame¬ 
ter  and  24  ft.  deep,  which  is  4  ft.  below' 
the  grade  on  the  20-ft.  bench.  The 
holes  are  6  ft.  apart  and  the  rows, 
which  are  on  a  staggered  pattern,  are 
5  ft.  apart.  From  60  to  80  holes  are 
loaded  for  a  round,  and  a  round  never 
goes  more  than  125  holes.  Because  of 
the  nearness  of  residential  areas,  the 
blasts  are  kept  relatively  light.  A 
primer  charge  of  six  2  by  12-in.  car¬ 
tridges  of  Hercules®  60?  Extra  Dyna¬ 
mite,  or  equivalent,  is  placetl  in  the 
bottom  of  the  hole.  The  top  cartridge 
is  e(juipped  with  an  MS  delay  electric 
blasting  cap.  The  hole  is  then  filled 
with  e.xplosives  (dynamite  in  damp 
ones  and  ammonium  nitrate  prills  and 
Primacord*  in  drv’  ones)  up  to  within 

•Reg.  U.  S.  Pal.  Off.  by 
The  Ensign-Bickford  Company 


BENCH  DEVELOPMENT:  The  open-pit  mine  was  developed  from  data  obtained  from  several  exploration  programs.  The  present  pit  has 
seven  benches,  each  with  a  20-ft.  face.  Three  benches  are  mined  simultaneously,  and  as  one  bench  nears  completion  a  new  one  is  opened  up. 
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MILLISECONDS  DELAY  INTERVAL  =  100  75  50 


LOADING  DIAGRAM:  A  primer  charge  of  six  2  by  I2-in.  cartridges  of  Hercules  60%  Extra 
Dynamite,  with  an  MS  delay  electric  blasting  cap  in  the  top  cartridge,  is  placed  at  the  bottom 
of  the  hole.  The  hole  is  then  filled  with  explosive  to  within  6  to  8  ft.  of  the  top  and  stemmed. 


IMS  100  Q 


J  Q  mi  7S  Q 


MS  30  o 


O  MS  JS  o 
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PLAN  V'lEVV;  The  same  basic  drill  pattern  is  used  in  both  ore  and  waste  material.  However, 
for  the  waste  area  the  spacing  is  increased  from  6  ft.  to  9  ft.  and  the  staggered  rows  have  a 
7-ft.  burden  instead  of  5  ft. 


6  to  8  ft.  of  the  top;  then  the  hole  is 
stemmed  to  the  collar.  The  stemming 
minimizes  air  concussion.  MS  delays 
from  25  to  400  are  used  to  reduce  vi¬ 
bration,  control  the  throw  of  the  mate¬ 
rial,  and  to  improve  fragmentation. 
The  holes  are  hooked  up  and  the  blast 
is  fired  with  a  t'onventional  type  of 
blasting  machine.  From  6,000  to  10,000 
tons  of  material  is  broken  with  a  60  to 
"D-hole  round. 

In  waste,  the  drilling  pattern  is  the 
same  as  in  ore  except  that  the  holes  are 
3  in.  in  diameter  and  are  9  ft.  apart 


in  rows  7  ft.  apart;  loading  is  the  same 
except  the  dynamite  is  in  21*  by  12-in. 
cartridges  and  the  loading  above  the 
primer  charge  is  somewhat  lighter  be¬ 
cause  fragmentation  is  not  so  impor¬ 
tant  as  in  the  ore.  The  hookup,  delays, 
and  the  firing  of  the  shot  are  the  same 
in  waste  as  in  ore. 

Results  of  this  system  of  blasting  are 
satisfactory.  There  is  no  secondary 
blasting.  A  dropball  is  used  for  any 
necessary  secondary  breakage. 

Blast  holes  are  drilled  with  Gardner- 
Denver  Air  Trac  crawlers  mounting 


DH-99  drills.  Sectional  steel  in  8-ft. 
lengths  is  used.  The  21i-in.  detachable 
bits  with  tungsten  carbide  inserts  drill 
at  the  rate  of  35  ft.  an  hour  and  the 
3-in.  bits  at  25  ft.  an  hour. 

A  Gardner-Denver  stationary  com¬ 
pressor  of  1,300-c.f.m.  capacity  sup¬ 
plies  air  to  the  drills  through  a  per¬ 
manent  6-in.  main  header  which  en¬ 
circles  the  pit;  4-in.  lines  from  the  Vic- 
taulic  coupled  main  header  are  easily 
moved  to  any  area  to  be  drilled. 

Haulage 

There  is  a  great  deal  of  selectivity  in 
loading  the  ore  and  waste,  the  princi¬ 
pal  division  being  made  in  the  mine; 
for  this  reason  the  size  of  the  shovels 
is  limited.  Ore  and  waste  are  loaded 
into  trucks  with  38B  Bucyrus-Erie 
shovels  equipped  with  l)i-yd.  dippers. 
A  Model  6  Northwest  shovel  is  on 
standby  in  the  pit.  Ore  is  loaded  into 
10-ton  Euclid  trucks  for  the  )*-mile 
haul  to  the  plant.  Waste  is  loaded  into 
15-  and  20-ton  Euclids,  which  haul 
from  one-half  mile  to  a  mile.  Approxi¬ 
mately  one-half  of  the  nonlithia-bear- 
ing  rock  is  sold  to  a  commercial  stone 
{juarry  which  operates  a  crushing  and 
sizing  plant  near  the  pit.  Except  for 
short  sections,  haulage  roads  are  kept 
on  a  grade  of  less  than  10%. 

Gaterpillar  dozers  are  used  for 
cleanup  around  the  shovels,  some  road 
work,  cleanup  on  dumping  areas,  and 
general  service  around  the  plant.  A 
motorgrader  is  used  to  maintain  haul 
roads  and  to  pull  a  2,000-gal.  water 
wagon  to  wet  down  the  roads  during 
dry  weather. 

The  ore  is  abrasive  and  spare  buck¬ 
ets  are  built  up  regularly.  Adapters  and 
box  points  are  used  on  the  buckets; 
the  adapters  can  be  built  up  two  or 
three  times  before  they  are  discarded, 
but  box  points  are  replaced  nearly 
every  week. 


Processing 

The  processing  for  the  recovery  of 
lithium  and  various  by-products  is  an 
exacting  operation.  The  ore  trucks 
dump  into  a  26-in.  Traylor  gyratory 
crusher  which  reduces  to  6  in.  At  times 
it  is  necessary  to  remove  small  amounts 
of  black  waste  rock;  this  is  done  man¬ 
ually  on  a  picking  belt  after  primary' 
crushing. 

From  the  primary,  the  ore  goes  to 
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a  4}4-ft.  Symons  cone  crusher  which 
reduces  to  under  IJ*  in.  The  tertiar\' 
section  of  the  crushing  plant  consists 
of  a  5  by  12-ft.  double-deck  Tyrock 
screen,  48-in.  spiral  classifier,  and  a  3- 
ft.  Allis-Chalmers  Hydro  cone  cnisher. 

Minus  l}*-in.  material  from  the  sec¬ 
ondary  is  split  into  three  sizes  on  the 
Tyrock  screen.  The  plus  1*  in.  is 
crushed,  open  stage,  to  minus  H  and  re¬ 
joins  the  minus  J*  in.  plus  in.  The 
minus  Ji-in.  rock  is  washed  in  the  spiral, 
with  the  sands  going  by  a  common 
conveyor  to  the  crushed  ore  stockpile. 
From  there  the  material  goes  to  the 
heavy-media  process  building  or  to 
the  flotation  mill,  depending  on  the 
production  demands. 

Crushed  ore  from  the  stockpile  is 
conveyed  to  feed  bins  over  a  Merrick 
WVightomt'ter.  It  is  ground  in  5  by 
12-ft.  Marcy  rod  mills;  then  it  is  clas¬ 
sified  and  separated  by  conventional 
flotation  methcKls  into  the  various 
products. 

The  sp<Klumene  concentrate  is  fil¬ 
tered  in  Dorr  internal  drum  filters  and 
dried  in  a  Ruggles  Cole-type  drier, 
which  is  fired  by  natural  gas.  Ceramic- 
grade  sp(Klumene  is  produced  from  the 
dry,  chemical-grarle  product  by  screen 
sizing  and  magnetic  separation  on  a 
Carpel)  high-intensitv  roll-tvpe  sep¬ 
arator. 

Rail  shipment  to  Foote’s  lithium¬ 
processing  plant  at  Sunbright,  V^ir- 
ginia,  is  in  hopper  cars.  A  7,4(X)-ft. 
spur  line  was  constructed  recently  to 
connect  the  plant  with  the  main  line 
of  the  Southern  Railway  system.  This 
permits  the  efficient  method  of  direct 
loading  from  plant  into  rail  cars. 

Co-products 

In  addition  to  chemical-grade  spod- 
umene,  Foote’s  co-products  at  Kings 
•Mountain  include  high-grade  mica 
concentrate,  ceramic-grade  spodu- 
mene,  and  commercial  stone.  Mica, 
which  is  sold  to  processors,  is  used  in 
roofing  material,  paint  pigments,  wall- 
board  joint  cement,  plastics,  and  manv 
other  materials.  Ceramic-grade  spod- 
umene  is  usi*d  in  the  manufacture  of 
glass,  porcelain  enamel,  ground  coats, 
as  a  constituent  in  ceramic  body  flu.xes 
and  glazes,  and  in  low-expansion,  heat 
shock-resistant  bodies.  .Amphibolite 
mine  rock,  another  of  the  co-products, 
is  sold  to  Superior  Stone  Division  of 


American-Marietta  Company  for  use 
as  commercial  stone. 

Foote  is  currently  studying  other 
possible  products,  including  beryl, 
feldspar,  and  (juartz.  The  largest 
known  domestic  source  of  beryl  is  in 
the  tin-spodumene  belt.  There  is  con¬ 
siderable  research  in  methods  of  turn¬ 
ing  ber\'l  concentrates  into  finished 
beryllium  products.  The  U.  S.  Rureau 
of  Mines  has  a  pilot  plant  on  the  Foote 
Kings  Mountain  property',  the  objec¬ 
tive  being  to  evaluate  the  technical  and 
ec-onomic  problems  involved  in  the 
recovery  of  beryl  from  the  Kings 
Mountain  ore.  Beryllium  metal  use 
has  grown  rapidly  in  the  past  ten  years, 
and,  like  lithium,  appears  to  have  an 
attractive  future.  The  unusual  metal¬ 
lurgical  and  nuclear  properties  of 
beryllium  indicate  that  it  will  find  in¬ 
creasing  iKse  in  nuclear  energy  and  in 
missile  and  space  vehicles. 

Equipment 

The  F(X)te  operation  at  Kings  Moun¬ 
tain  is  modern  in  everv  way,  with  the 
right  t(M)ls  for  getting  the  job  done. 
Auxiliary  mine  e(juipment  includes  a 
l/*-ton  flatbed  truck  equipped  with 
grease  guns  and  fuel  tank  for  .servicing 


shovels,  trucks,  and  dozers;  another 
IM-ton  flatbed  for  servicing  drills;  and 
a  1-ton  truck  especially  equipped  for 
hauling  powder  and  for  supervisory 
transportation. 

Powder  men  use  a  portable  compres¬ 
sor  to  clean  blast  holes  before  loading. 
A  portable  welding  machine  in  the  pit 
is  for  shovel  repair  and  miscellaneous 
welding.  Shovel  bucket  build-up  and 
major  repairs  are  handled  in  the  shop. 

The  large,  permanent  shop  has  three 
vehicle  bays  big  enough  for  the  shov¬ 
els;  they  are  equipped  with  a  38-ft.- 
span  overhead  traveling  bridge  crane 
with  two  5-ton-capacity  electric  hoists. 
The  crane  travels  100  ft.  Other  major 
shop  equipment  includes  a  125-ton  air- 
operated  hydraulic  press,  an  exhaust 
system  for  removal  of  fumes,  two  300- 
ampere  electric  welders.  The  shop  has 
office  facilities  for  maintenance  super¬ 
vision  and  records. 

A  service  building  is  eejuipped  with 
individual  lockers  and  with  showers 
for  hourly  employes  and  foremen.  It 
also  has  a  large  area  which  serv'es  as 
a  lunch  room  and  a  place  to  hold  meet¬ 
ings,  s)ich  as  safetv'  and  training  pro¬ 
grams.  A  large  warehouse  with  fenced- 
in  area  is  u.sed  for  storing  all  parts 


BLASTED  WASTE  MATERIAL:  The  blasting  procedure  in  the  waste  sections  is  to  drill  3-in. 
holes  24  ft.  deep,  4  ft.  below  grade  on  9-ft.  spacings  in  rows  7  ft.  apart.  While  fragmentation 
is  not  as  important  as  when  blasting  in  the  ore,  the  material  is  easily  handled  by  the  38B 

Bucyrus-Erie  shovel. 
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and  supplies  needed  in  the  operation. 

F(X)te  emphasizes  safety  in  the 
mine  and  plant,  and  during  the  past 
sev'eral  years  has  received  numerous 
safety  awards. 

Quality  Control 

The  lalxmitory  is  a  busy  place.  It  is 
operated  by  the  plant  chemist  and 
technicians  who  prepare  samples  and 
analyze  all  incoming  ore,  outgoing 
products,  and  the  tailings.  Samples  are 
filtered,  dried,  crushed,  and  pulver- 
izt'd  and,  if  necessaiy',  screened  in  the 
control  lab  near  the  mill.  Lithia  an¬ 
alyses  are  made  in  an  ultra-modern 
analytical  laboratory.  .\11  spodumene 
samples  are  calcintxl  to  convert  the  ore 
to  soluble  beta-sp<Klumene.  The  in¬ 
verted  ore  is  digested  in  acids  and 
diluted  to  proper  concentrations.  The 
alkali  metals  are  analyzed  on  a  Beck¬ 
man  .Model  B  spectrophotometer  with 
flame  attachment.  .Mica  determina¬ 
tions  are  made  by  specific  gravitv'  sep¬ 
aration  in  heaxy  lirpiids. 

In  the  plant,  all  process  water  is 
recirculated  bc'cause  the  supply  of 


fresh  water  is  limited.  The  mill  tail¬ 
ings  effluent  is  treated  with  Ferri-Floc 
and  the  solids  retained  behind  dams. 
The  decanted  water  is  pumped  by 
barge  pumps  to  a  15,0(X),00()-gal.  clari¬ 
fication  pond,  from  which  it  is  pumped 
to  the  plant  by  turbine-tx’pe  stationary 
equipment.  Fresh  creek  water,  uscxl 
for  make-up,  is  stored  in  a  55,(XK),()0()- 
gal.  reservoir,  which  has  a  stationarx' 
pumping  station.  Boiler  and  compres¬ 
sor  cooling  water,  and  also  that  iiscxl 
in  the  office  and  other  serxice  build¬ 
ings,  is  bought  from  the  ciW  of  Kings 
Mountain. 

Poxx'er  is  furnishtxl  by  the  Duke 
Power  Company.  It  is  transmitted  into 
the  plant  area  at  44,(XK)  xolts.  One  sta¬ 
tion  serx'es  the  mine,  the  other  the  mill 
and  plant  area. 

The  Foote  operation  at  Kings  Moun¬ 
tain  is  a  dramatic  example  of  how 
American  industiy  can  (juicklv  gear 
itself  to  produce  xvhat  is  needed  and, 
in  the  prex-ess,  create  emplox'ment  and 
conduct  research  xvhich  leads  to  more 
new  things,  bt*tter  living,  and  a  more 
adetjuate  defcm.se  to  protex-t  what  the 


mountain  men  xvere  fighting  for  when 
they  surged  out  of  the  valley  of  the 
Catawba  on  that  yelloxving  October 
day  in  1780.  Not  many  years  ago  lith¬ 
ium  pnxluction  consisted  only  of  lab¬ 
oratory  fjuantities.  In  1959,  production 
ran  into  millions  of  pounds  of  lithium 
hx'droxide  monohydrate.  Reliable  fore¬ 
casters  estimate  that  by  1975  at  least 
2(X),0(X),(XX)  lb.  of  the  monohydrate 
ecjuivalent  xx'ill  be  ncH‘dc*d. 

Lithium,  the  lightest  of  the  solid 
elc^mcmts,  is  used  as  a  scavenging 
agemt,  an  alloying  metal,  as  a  catalyst 
in  organic  reactions,  including  polym¬ 
erization,  and  in  the  preparation  of 
organic  pnxlucts.  High-purity  copper 
is  obtained  by  the  addition  of  lithium 
mc*tal  in  its  final  stages  of  smelting. 
Lithium  alloys  effectively  xvith  many 
of  the  common  metals,  such  as  Icnul, 
aluminum,  zinc,  copper,  magnesium; 
the  bc'auty  of  lithium  is  that  it  rc‘sults 
in  a  stronger  and  lighter  alloy. 

Lithium  also  combines  xvith  a  large 
number  of  the  nonmetallic  groups  ( in¬ 
cluding  the  halogens,  sulfur,  nitrogen, 
carlx)n,  hydrogen,  and  other  materials ) 


ON  ITS  WAY:  The  lithium  ore  leaves  Kings  Mountain  for  further  processing  at  the  Sunbright,  Virginia,  plant.  The  Kings  Mountain  operation 
is  served  by  a  recently  constructed  7,400-ft.  spur  line  that  connects  with  the  main  line  of  the  Southern  Railway. 
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KEY  PERSONNEL:  An  on-the-spot  conference  is  held  by  H.  M.  Broadwater,  plant  engineer; 
E.  R.  (>oter,  general  superintendent;  and  N.  O.  Johnson,  operations  manager,  at  the  entrance 
to  the  Eoote  Mineral  CJompany’s  Kings  Mountain  operations  office. 


to  form  many  inorganic  and  organic 
compounds. 

Markets 

At  present,  lithium  chemicals  have 
a  much  wider  use  than  the  metal,  the 
most  important  being  the  hydroxide, 
carbonate,  and  halides.  About  30?  of 
all  automotive  greases  contain  lithium 
in  the  form  of  stearate;  lithium-base 
grea.ses  are  all-purpose,  being  resistant 
to  moisture  and  effective  over  a  wide 
temperature  range. 

The  carbonate  is  used  in  porcelain, 
glass,  and  ceramics;  in  porcelain  enam¬ 
els  for  steel  and  aluminum,  lithium 
reduces  viscosity  and  permits  thin¬ 
ner,  more  fluid  coats  which  can  be 
fired  at  lower  temperatures,  and  it  im¬ 
parts  higher  gloss,  greater  impact 
strength,  and  acid  resistance.  In  glass, 
lithium  likewise  retluces  vi.scosity,  in¬ 
creases  strength,  and  improves  elec¬ 
trical  properties. 

Lithium  bromide  and  chloride  have 
proved  more  effective  and  cheaper 
than  other  deliquescent  compf)unds 
when  u.sed  in  the  absorbent  brines  for 
air-cx)nditioning.  Lithium  chloride  and 
fluoride  in  welding  and  brazing  flu.xes 
are  characterized  by  low  melting 
points,  high  boiling  points,  and  high 
solvent  power  for  metal  oxides;  they 
are  espt*cially  useful  in  aluminum, 
magnesium,  and  titanium  joining. 

Other  uses  include  lithium  hydrox¬ 
ide  as  an  additive  in  alkaline  storage 
batteries  to  increase  cell  life  and  ca¬ 
pacity;  and  in  the  manufacture  of  cer¬ 
tain  pharmaceuticals.  A  c-omparatively 
recent  application  of  great  importance 
is  the  use  of  lithium  metal  dispersions 
and  butyl  lithium  as  catalysts  in  the 
pilvmerization  of  isoprene  to  a  “nat¬ 
ural”  .synthetic  rubber. 

The  most  significant  nuclear  prop¬ 
erties  are  the  differing  neutron-absorb¬ 
ing  cross  sections  of  the  two  natural 
isotopes,  lithium  6  and  lithium  7.  Lith¬ 
ium  6  has  a  high  cross  section  and  can 
ab.sorb  neutrons;  in  certain  nuclear 
reactions  it  can  be  converted  to  tritium 
and  helium.  Presumably  lithium  6  is 
valuable  in  strategic  applications,  since 
the  Atomic  Energy  Commission  has 
treated  chemicals  purchased  from  the 
major  producers  for  extraction  of  the 
Li*‘  isotope. 

Foote  Mineral  Company’s  general 
offices  are  at  18  West  Chelten  Avenue, 
Philadelphia.  The  research  and  devel- 


opm(‘nt  laboratories  are  at  Berwyn, 
Penn.sylvania;  Kings  Mountain,  North 
Carolina;  and  Exton,  Pennsylvania.  In 
addition  to  the  Kings  Mountain  instal¬ 
lation,  plants  are  at  Exton,  Pennsyl¬ 
vania;  Cold  River,  New  Hampshire; 
Knoxville,  1'ennessee;  and  Sunbright, 
Virginia. 

The  c-ompany  has  more  than  800 
emploves  whose  business  is  transform¬ 
ing  the  minerals  in  the  earth’s  crust 
into  useful  industrial  products.  In 
■August  of  1959,  ground  was  broken 
at  the  Indian  Run  property  at  Exton 
for  construction  of  the  main  building 
of  the  new  Research  and  Engineering 
Center.  This  building,  costing  more 
than  $2,(XX),(XX),  will  ultimately  ac¬ 
commodate  about  175  scientists  and 
engineers.  This  means  that  Foote  is 
still  in  the  business  of  probing  for 
new  products  and  developing  them.  In 
addition  to  this  building,  new  plant 
and  ecjuipment  expenditures  for  1959 
amounted  to  about  $1,629,(XX),  the 
largest  single  project  being  the  expan¬ 


sion  of  one  of  the  electrolytic  manga¬ 
nese  plants  at  Knoxville. 

Foote  has  built  up  good  employe 
relations.  In  1959,  the  companv  paid 
its  employes  $564,761  under  a  profit- 
sharing  bonus  plan.  These  incentive 
bonus  payments  represented  10.4?  of 
the  gross  pavroll.  Al)out  50?  of  the 
bonus  w'as  paid  in  the  company’s  com¬ 
mon  stock  and  the  balance  in  cash. 

Neil  ().  Johnson  is  manager  of  the 
company’s  Kings  Mountain  operation. 
Officers  are  Cordon  II.  Chambers, 
chairman  of  the  board;  L.  G.  Bliss, 
president;  Felix  B.  Shay,  vice  presi¬ 
dent  of  production  and  engineering; 
John  S.  Gates,  vice  president  of  mar¬ 
keting;  William  R.  Spofford,  Jr.,  secre¬ 
tary  and  treasurer. 

Directors,  other  than  the  officers,  are 
Russell  H.  Bennett,  mining  engineer, 
Minneapolis;  James  F’entress,  v'ice 
president.  Baker  Fentress  and  Co.; 
Robert  J.  Lewis,  partner,  Estabrook  & 
Co.;  J.  Melville  Stein,  president,  Leeds 
&  Northrop  Companv. 
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INFORMATIVE 
BULLETINS  FREE 

I  ]  Hercules  Blasting  Machines 

I  ]  Blasting  Vibrations'  Effects 

I  I  Vibrations  from  Construction 
Blasting 

{  ]  Hercules  Explosives,  Blasting 
Agents,  and  Blasting  Sup¬ 
plies 

I  ]  Hercules  Vibrocap*  SR  for 
Seismograph  Firing  Cir¬ 
cuits 

I  ]  Hercules  No  Vent*  Short- 
Period  Delay  Electric  Blast¬ 
ing  Caps 

(  ]  Whatever  You  Need  in  an 
Electric  Blasting  Cap,  Her¬ 
cules  Has  It 

Check  the  ones  you  want, 
clip  and  mail  to: 

HERCULES  POWDER  COMPANY 
HERCULES  TOWER 
910  MARKET  STREET 
WILMINGTON  99,  DELAWARE 


Achieve 

MBE*  with 

Vibrations 

from 

Blasting 

Rock 

by  L.  DON  LiiT 

This  thorough,  up>to-thr-minute  guide 
provides  you  with  the  means  of  measur¬ 
ing  the  blasting  efficiency  of  explosives. 
It  details  every  aspect  of  vibrations  caused 
by  the  detonation  of  explosives  including: 

•  Rock  characteristics 

•  Blast  preparation 

•  Detonation  events 

•  Explosives 

•  Recording  waves 

•  Damage  structure 

•  Impedance  ratios 

All  this  and  more  to  assure  you  of 

•  Maximum  Blasting  Efficiency 

Illustrated  S4.7S 
Available  at  your  bookstore  or  write  to 


m 


ARVARD 

tINIVHRSITV  PRHSS 


There's  A  Size  and  Type  of 

ABC  POWDER  BAG 

for  every 

Mining  and  Quarrying  Need! 

I  Constructed  of  tough  rubberized  jute 
I  fabric  for  long  wear.  Amply  reinforced. 

I  well-balanced,  easy  to  carry.  Keeps  ex- 
I  plosives  dry.  Makes  blasting  safer.  20  to 
I  60  stick  pouch  type  bags— 125  to  160  stick 
knapsack  type.  Special  160  stick  Neolon 
(neoprene  coated  nylon)  bag  Model 
333NS  developed  especially  to  resist  ex¬ 
treme  corrosive  conditions  found  in  some 


The  NEW 

"lONGSTICK"  BAG 

Model  360,  pouch  t 

type  bag,  devel-  ■  % 

oped  to  carry  the  I  X 

new  long  length  I  B 

sticks  of  explo- 
in 

some 

ABC 

{  Bags  made  to 
I  requirements. 

i  Send  for  Bulletin  556 

AND  PRICES. 


79  Garden  Street,  Cambridge  38,  Mau. 


AMERICAN  I 
BRATTICE  CLOTH  CORpJ 


270  Argonne  Rd.,  Warsaw,  Indiana 


HAROLD  H.  WHITE 


CONSULTING  ENGINEER 


2831  EAST  14th  STREET 
JOPLIN,  MISSOURI 
MAyfair  4-0164 


Specializing  in  Vibration 
Effects  and  the  Effects  of 
Concussion  on  Structures 

Supervising  Analyst  for 
Evaluation  of  Effects  on 
Niagara  Falls  Power  Project 

Professional  Registration 
Mining  •  Civil  •  Structural 


r&Tr"-^ 


EXPLOSIVES  USERS  —  If  you  are  experiencing  or  anticipate  legal  or  public 
relations  problems  arising  from  blasting  effects— 

Send  For  Our  BROCHURE  Describing  Our  Services 


(frttm  Scfcadula  Aceempaiilas  Srocfcvral 


Seismograph  Protection  —  Vibra-Log  Service  —  Seismograph  Rentals  and  Sales 
Preblast  and  Postblast  Property  Inspections  —  Condition  Surveys  and  Appraisals 
Seismic  and  Resistivity  Rock  Depth  Surveys 
Rock  Velocity  and  Impedance  Measurements 

THE  VIBRATION  ENGINEERING  COMPANY,  INC. 


407  Haalaton  National  Sank  SIdg. 

Riltaburgh  Arao  ORIra 
Philip  R.  Bargar,  Mgr. 

Srodlerd  Rood 
Srndfordwoodt,  Pa. 

Phona;  WEilmora  3-1655 


Phan#  I  OLaditona  5-1961 


B.  F.  Howall,  Jr.,  Ph.D.,  P.E. 
Chial  Saiimologist 


Aflitiatad  with 

Frank  Naumann,  Saismologitt 
4546  45th  Ava.,  N.E. 
Saattla  5,  Wash. 

Phona:  Lakaviaw  4-0028 
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than  with  competing  rig 


Quarry  performance  like  this  is  standard  with 
REiCHdrill.  Why?  Because: 

. . .  all-hydraulic  top-drive  rotary  provides 
infinitely  variable  speed  of  drill  rotation 
—  the  right  speed  for  every  formation. 

. . ,  direct-drive  to  drill  stem  saves  power  loss. 
...  all  air  used  to  drill  and  clean  hole. 

...  no  complicated  transmission,  no  rotary 
table. 

...  no  kelly  bar  —  in  and  out  of  the  hole  faster. 

. . .  instant  safety  torque  release  protects  all 
drive  components. 

REiCHdrill  has  built  a  reputation  for  keeping 
maintenance  costs  low;  footage  records  high. 

And  these  additional  REiCHdrill  features 
help  set  drilling  records:  masts  incline  for 
angle  drillings;  CP  heavy-duty  compressors 
assure  plenty  of  air  to  meet  all  demands ;  fast¬ 
acting,  ram-type  hydraulic  leveling  jacks  per¬ 
mit  use  of  most  rig  weight  for  down  pressure; 
CP  “Air-Blast”  Bits  for  extra  footage  in 
toughest  formations. 


For  further  information,  write. 


T-650  truck- 
mounted 
REiCHdrill 
operating  in  a 
quarry.  Hole 
size:  to  7%"; 
downpressure : 
30,000  pounds. 
Other  models 
available, 
truck  or 
crawler 
mounted, 
with  hole  size 
to  16  inches, 
down  pressure 
to  90,000 
pounds. 


Division;  CHICAGO  PNEUMATIC  TOOL  CO 
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A  message  from 


pi 


ROBERT  G.  ALLEN. 
President, 

Bucyrus-Erie  Company 


the  president  of  Bucyrus-Erie: 


‘‘Here’s  whv  you  hiiv  a  whole  system  of  profitable 
operation  when  yon  buy  a  Bneyrns-Eriel” 


"Bucyrus-Erie  builds  182  completely  different 
models  in  the  %  to  20  cu  yd  class. 

Bucyrus-Erie  builds  cranes  and  excavators 
utilizing  manual,  hydraulic,  air  and  electric  con¬ 
trols  .  .  .  gas,  diesel  or  electric-powered. 

Bucyrus-Erie  builds  a  complete  line  of  drag¬ 
lines  from  %  to  45  cu  yd,  many  of  which  can  be 
offered  with  crawlers  or  as  walkers. 

Bucyrus-Erie  builds  a  complete  line  of  strip¬ 
ping  shovels  from  ZVz  to  150  cu  yd. 


Bucyrus-Erie  builds  a  full  line  of  special  ma¬ 
chines  in  addition  to  the  standard  models, 
including  wheel  excavators,  tower  cranes  and 
railroad  wrecking  cranes. 

Bucyrus-Erie  builds  25  different  blast  hole, 
water,  and  oil  well  drills  of  every  type  — churn, 
rotary,  down-the-hole,  jet-piercing  and  diamond 
bit. 

Isn't  it  logical  that  this  is  the  kind  of  depth- 
experience  that  can  best  provide  you  with 
assistance  in  building  better  profits  from  your 
operation?"  9i6o 
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15-Drill  Hvdra-Boom  Jumbo 

at  MONT- BLANC  TUNNEL 


Fully  mechanized  l-R  tunneling  rig 
spearheads  drilling  from  French  side 
of  new  vehicular  bore  through  the  Alps 

Using  one  of  the  largest  and  most  modern  boom 
jumbos  ever  built,  the  French  side  of  the  new  Mont- 
Blanc  tunnel  got  off  to  a  fast  start  with  workmen 
waging  a  winning  battle  against  Europe’s  highest 
mountain.  Completion  by  a  group  of  French  con¬ 
tractors,  headed  by  Entreprises  de  Travaux  Publics 
Andre  Borie,  is  expected  on  schedule  in  1962. 

The  huge  four-level  gantry-typ>e  jumbo  mounts 
fifteen  3 Vi"  bore  I-R  drifters  on  I-R  Hydra-Booms 
that  provide  complete  hydraulic  positioning  for  all 
drills.  It  was  built  in  Lyon,  France,  by  Ferrand  & 
Frantz,  and  Entreprises  de  Travaux  Publics  Andre 


Borie.  Fourteen-foot  blast  holes  are  drilled  without 
steel  changes,  using  IV4"  Carsets  bits.  A  burn  hole 
is  put  in  each  round  by  an  I-R  Downhole  Drill  with 
an  8”  Carset  bit,  to  p>ermit  pulling  longer  rounds. 
The  hydraulic  cylinders  of  all  15  Hydra-Booms  are 
operated  from  5  hydraulic  pumps  driven  by  I-R 
air  motors. 

Wherever  fast,  effortless  hole  spotting  is  re¬ 
quired  for  tunnel  or  mining  operations,  I-R  Hydra- 
Booms,  drifters  and  feeds  provide  a  cost-cutting 
combination  that  pays  off  in  faster, 
more  efficient  drilling.  Ask  your 
Ingersoll-Rand  engineer  for  com¬ 
plete  information. 

Ingensoll-Rand 

IOiA5  11  Broadway,  New  York  4,  N.Y. 


A  CONSTANT  STANDARD  OF  QUALITY  IN  EVERYTHING  YOU  NEED  FOR  DRILLING  ROCK 
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Cut  Costs  with  Safety  Fuse 


ROCK  CHUNK 


Open  flame  travels  rapidly  along  the 
QUARRYCORD"  —  lights  ignition  com¬ 
pound  in  Connectors  which  in  turn  ignites 
the  SAFETY  FUSE. 


ROCK  CHUNK 


Use  QUARRYCORD*  and  Connectors  to  ignite 
Ensign-Bickford  Safety  Fuse  for  Secondary  Blast¬ 
ing  only,  always  in  the  open  and  above  ground. 
You  connect  all  holes  and  fire  from  one  point 
when  ready.  Eliminate  the  hazards  of  men  on 


with  motch  rock  pile ! 


Intensely  hot,  open  flame 
travels  at  a  pre-deter- 
mined  speed  along  the 
IGNITACORD^  -  lights 
ignition  compound  in  Con¬ 
nectors  which  in  turn  ig¬ 
nites  the  SAFETY  FUSE. 


Ignitacord®  and  Safety  Fuse 


light  end  with  motch 


Use  IGNITACORD  -  and  Connectors  to  ignite  Ensign- 
Bickford  Safety  Fuse  in  underground  Stoping,  Heod- 
ing  and  Development  Rounds.  When  used  as  directed, 
Ignitacord  provides  positive  rotation  firing  without 
fuse  trimming,  positive  initiation  with  one-point 
lighting  —  greater  safety  with  economy. 


as  It  has  over  the  years 


A  Typical  Day  with  a  Hercules  Representative 


A^  EARLY  START  enables  Bob  Shiel, 
Hercules  technical  serviceman,  to  observe 
step-by-step  blasting  procedures  at  his  cus¬ 
tomer’s  mine. 


CLOSE  CONTACT  between  Bob  and  the 
mine  superintendent  eliminates  most  blasting 
troubles,  and  increases  the  operating  econ¬ 
omy  of  the  mine. 


I'NDERGROl'ND  with  the  tools  of  the  trade. 
Bob  examines  some  of  the  cars  of  blasted 
material  to  determine  the  effectiveness  of 
the  explosive  charges. 


BLASTlNG>PROCEDURE  observation  is  a 
part  of  Bob’s  work.  It  takes  the  guesswork 
out  of  his  job.  and  enables  him  to  s[)ecify  the 
prof>er  explosives. 


SHOP  TALK  helps  find  out  if  the  remedy 
he’s  suggested  has  cured  this  mine’s  troubles. 
Bob’s  background  gives  him  the  insight  nec¬ 
essary  to  make  intelligent  recommendations. 


CHECKING  and  rechecking  all  the  recommen¬ 
dations  he  has  made  gives  Boh  the  satisfac¬ 
tion  of  knowing  that  he  has  Ixren  of  assistance 
in  solving  his  customer’s  blasting  troubles. 


Around  the  nation -around  the  clock 

THERE'S  ALWAYS  A  HERCULES  MAN  READY 

TO  HELP  YOU 


Bob  Shiel,  K.M.,  ( lliio  Slate,  is  just  one 
of  the  many  specially  trained  Hercules 
men  serving  the  explosives-consuming 
industries.  For  years  Hercules  has 
employed  men  with  engineering  train¬ 
ing  to  sell  and  service  its  exphtsives 
throughout  the  United  States  and  in 
many  foreign  lands.  Our  experience 
has  proved  that  men  with  engineering 
training  can  meet  their  customers  on 
common  ground.  They  speak  the  same 


HERCULES 


language,  for  most  of  the  men  who 
direct  explosives-consuming  work  are 
technically  trained. 

W  hen  a  young  engineer  starts  his 
training  as  an  explosives  sales  engi¬ 
neer  with  Hercules,  he  begins  a  period 
of  orientation.  He  is  then  sent  to  our 
explosives  plants  and  laboratories  for 
thorough  groundwork  in  products  and 
processes.  Upon  completion  of  this 
indoctrination,  he  visits  various  sec¬ 


tions  of  the  country  where  he  learns 
how  explosives  are  ust'd  in  under¬ 
ground  and  open-pit  mines,  rock  ipiar- 
ries,  heavy-construction  jobs,  anil 
seismic  exploration. 

The  cornerstone  of  Hercules  Explo¬ 
sives  Department  is  based  on  men 
who  have  the  know-how  to  handle 
blasting  problems  quickly,  efhciently, 
economically.  To  take  advantage  of 
this  specialized  service,  call  or  write. 


Explosives  Department 

HERCULES  POWDER  COMPANY 

iMCO»»o««  ro 

Hercules  Tower 
910  Market  Street 
W ilmington  W,  Delaware 


BIRMINGHAM,  ALABAMA  •  CHICAGO.  ILLINOIS  •  DULUTH.  MINNESOTA  ■  JOPL.N  MISSOURI  •  LOS  ANGELES.  CALIFORNIA  •  NEW  YORK.  NEW  YORK 
PITTSBURGH,  PENNSYLVANIA  •  SALT  LAKE  CITY.  UTAH  •  SAN  FRANCISCO,  CALIFORNIA 


